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Wonder is the beginning of wisdom (Greek proverb) 
 
1 
 
General Introduction 
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This thesis explores two related issues: one is to explore how reliable reading 
errors are, that is, naming errors in reading aloud single words, and one is to 
investigate how useful it is to focus on errors in training. Results of this thesis 
can have practical implications for assessment and intervention. Besides, from a 
theoretical perspective, the role of reading errors in assessment and in 
intervention may provide further information on reading processes in typically 
developing children and poor readers, and give us insight in how to improve 
this reading process for poor readers.  
This thesis focuses on errors in reading Dutch, an orthographically 
transparent language. Children learning to read a transparent orthography 
make less reading errors than children learning to read an opaque orthography 
(Aro & Wimmer, 2003; Frith, Wimmer, & Landerl, 1998; Patel, Snowling, & de 
Jong, 2004; Seymour, Aro, & Erskine, 2003). Comparison of different 
orthographies shows that error patterns in beginning readers reflect the 
linguistic and orthographic system (Cossu, Shankweiler, Liberman, & Gugliotta, 
1995;  Ellis et al., 2004; Miller Guron & Lundberg, 2004; Ognjenović, Lukatela, 
Feldman, & Turvey, 1983; Seymour et al., 2003). Reading errors of typically 
developing children learning to read a transparent orthography show a strategy 
of alphabetic processing with attempts to decode the word, resulting in a very 
few no-responses and a high proportion of nonword substitutions (Ellis et al., 
2004; Millor Guron & Lundberg, 2004; Seymour et al., 2003). Interestingly, 
reading errors of beginning readers of a transparent orthography are related to 
the degree of consistency in grapheme-phoneme correspondences: less errors 
are made in words with simple letter-sound conversions than in words that 
involve letter-sound conversions that are context-dependent (Barca, Ellis, & 
Burani, 2007; Cossu, Gugliotta, & Marshall, 1996; Goikoetxea, 2006). To 
investigate possible differences in reading errors for words that involve only 
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context-free grapheme-phoneme conversion rules versus words that also 
involve conversions that are context-dependent, Chapters 2 and 4 focus on 
words with a consonant-vowel-consonant (CVC) structure that are fully 
transparent in reading. Decoding these CVC words represents the most basic 
level of decoding skill which is essential for fluent reading in a relatively 
transparent orthography as Dutch. In contrast, bisyllabic words following the 
application of context-sensitive spelling rules is the topic of Chapters 3 and 5.  
One aspect of reading errors that has been neglected until now is their 
instability, that is, how often words are read incorrectly on one occasion and 
correctly on another. Most theories of reading do not address this issue, and 
empirical research is very scarce. Therefore, we will investigate error instability 
in an explorative way. In Chapter 2, error instability in single word reading out 
loud is studied in typically developing children in grades 1 and 2, and compared 
to poor readers who are matched to their reading level. The first experiment in 
Chapter 2 focuses on error instability in CVC words that are sampled on the 
basis of a token count. These are the words children frequently encounter in 
daily life, and therefore concerns the reading of words children generally 
encounter in print. The second experiment of Chapter 2 replicates the earlier 
experiment with words sampled from a type list, and is a random sample of 
words coming from the entire frequency spectrum, including more uncommon 
and unfamiliar words from the lexicon. In both experiments the effect of word 
characteristics that might be expected to affect the instability of errors, perhaps 
differently in typically developing and poor readers, are investigated.  
Whereas Chapter 2 focuses on CVC words that involve only context-
free grapheme-phoneme correspondence rules, Chapter 3 focuses on more 
complex bisyllabic words that involve the application of context-sensitive 
spelling rules. This chapter explores to what extent error instability is affected 
by the degree of consistency in grapheme-phoneme correspondences and the 
complexity of the context-sensitive spelling rules. We emphasize the spelling 
rules consonant gemination (e.g., when pluralizing bom + en  bommen 
[bombs]) and vowel degemination (e.g., when pluralizing boom + en  bomen 
[tree  trees]). These spelling rules can be applied in writing almost without 
exceptions, but their application in reading complicates word identification for 
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children throughout elementary school, and even for adults (Verhoeven, 
Schreuder, & Baayen, 2006). Children that participated in this study were 
typically developing second- and third graders, and poor readers that were 
matched to their reading level.  
The second theme of this thesis concerns the role of errors in 
intervention. In remedial practice, errors and a qualitative analysis of errors are 
often used for diagnostics and for determining the content of intervention (for 
qualitative analyses of reading errors in languages with a transparent 
orthography see e.g., Bakker, 1990; Dumont, 1984; Hendriks & Kolk, 1997; 
Kleijnen, 1997; Masutto, Bravar, & Fabbro, 1994; Scuccimarra et al., 2008; 
Wimmer, 1993, 1996). However, if error instability is considerable for both the 
typical and the poor readers, one can doubt whether a reading intervention 
focusing on errors will be effective and efficient. The central topic of Chapters 4 
and 5 is whether reading errors should be taken as a basis for intervention. 
Intervention has been shown to improve reading accuracy of Dutch poor 
readers, but reading speed of poor readers tends to remain low compared to 
normally developing children (van der Leij & van Daal, 1989; see also Martens & 
de Jong, 2008; Scheltinga, van der Leij, & Struiksma, 2010; Yap & van der Leij, 
1993). Torgesen, Rashotte and Alexander (2001) showed that a low reading 
speed in identifying single words is the most important factor accounting for 
individual differences in reading fluency (see also Jenkins, Fuchs, van den Broek, 
Espin, & Deno, 2003; Schwanenflugel et al., 2006; Vadasy & Sanders, 2009). To 
improve the speedy identification of single words, repetition is argued to be 
crucial, and poor readers require more practice than normally developing 
children (Reitsma, 1983). Berends and Reitsma (2006) argued that it is more 
beneficial to repeatedly train on a few words than to read many words once. If 
word repetition is indeed important, the question answered  in Chapters 4 and 
5 is which words should be repeated; words that are read correctly, or words 
that appear to offer some difficulty, as they are read erroneously. This question 
will be answered for CVC words in Chapter 3. In a randomized controlled trial, 
children received training with flashcards that minimized the presentation time 
of words, while maintaining an approximately constant level of accuracy. The 
training focused either on words the children read correctly (successes) or 
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incorrectly (failures). This chapter also answers the question whether the effects 
of training focusing on failures or successes are influenced by motivational 
factors. After all, children experiencing learning problems often feel discouraged 
by their failure to learn (Riddick, 2010). A reading intervention focusing on 
failures may therefore discourage the learners even more. Repeatedly being 
confronted with failure may affect their self-esteem and as a consequence 
would be counterproductive (Shute, 2008).  
In order to test the generality of the findings in Chapter 4, a similar 
experiment concerning reading intervention is extended to bisyllabic words in 
Chapter 5. Chapter 3 shows that poor readers are particularly disadvantaged in 
accurately reading words involving context-sensitive spelling rules. Therefore, 
the main question for Chapter 5 is whether training could improve poor 
readers’ identification of bisyllabic word in general, and words involving 
context-sensitive spelling rules specifically. Moreover, as Chapter 3 shows that 
error instability of words involving context-sensitive spelling rules is rather low 
compared to words that involve only grapheme-phoneme correspondence 
rules, Chapter 5 discusses the question whether a focus on successes or failures 
is differentially effective for CVC words on the one hand, and bisyllabic words 
involving context-sensitive spelling rules on the other.  
In Chapter 6 a general conclusion is given. Converging evidence of the 
experiments in this thesis is discussed as to whether error instability should be 
considered an indicator of the transition from reading incompetence to reading 
competence. The findings are discussed in terms of a theoretical reading model 
(Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Verhoeven, Schreuder, & 
Baayen, 2006), to provide a conceptual framework for error instability. Practical 
implications are discussed, indicating that the role of reading errors in training 
and reading instruction depends upon the degree of instability of those errors.  
  

Even a good marksman may miss (English proverb) 
 
2 
 
Instability of Children’s Reading Errors 
in Monosyllabic Words 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is an adaptation of the article resubmitted for publication: Steenbeek-
Planting, E. G., van Bon, W. H. T., & Schreuder, R. Instability of word reading errors of 
typical and poor readers.  
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Abstract 
In two experiments, we examined the instability of reading errors, that is whether 
a child reads the same word sometimes correctly and sometimes incorrectly, and 
whether typical readers differ in their instability from poor readers. With an 
interval of a few days, Dutch CVC words were read twice by typically developing 
first and second graders and reading-level matched poor readers. Error instability 
was considerable and second graders produced more unstable errors than first 
graders. Poor readers did not differ from typical readers, suggesting a 
developmental lag for poor readers. Of the word characteristics studied, frequency 
was the strongest predictor: the higher word frequency, the higher error instability. 
Error instability can be considered as an indicator of the transition from 
incompetence to reading competence. 
 
 
Introduction 
The misreading of individual words by readers of low-level skill is often taken to 
indicate either ignorance about conversion rules or the lack of word specific 
knowledge, necessitating instruction or practice on that specific rule or on the 
peculiarities of the individual words. The conclusion, however, that a misreading 
points to a lack of general or specific knowledge clearly is not warranted if a 
misreading is only accidental and was not made at an earlier occasion or is not 
repeated when reading the word anew. The analysis of children’s reading errors 
can help us understand how they learn to read (Goikoetxea, 2006). Practitioners 
in education settings are encouraged to analyze the reading errors (miscues) 
made in order to detect possible patterns of errors, which may provide a 
window on inefficient reading strategies the child applies. The error patterns 
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thereby may guide the instruction and remediation of poor readers in particular 
(McKenna & Picard, 2006). Error patterns are thus assumed to stem from a 
specific lack of competence and, as a rule, are not assumed to stem from mere 
inattention on the part of the child. Theoretically, reading error instability 
would indicate that reading is only partly determined by stable knowledge, and 
is prone to factors of a rather accidental nature that deserve a place in models 
for reading performance. If this ‘unstable pattern’ marks the transition from 
incompetence to competence it should be a sensitive index for factors in 
reading development. The instability of word reading errors, that is, how often 
single words are named incorrectly on one occasion and correctly on another, is 
explored. 
Although a prime characteristic of reading disorders in languages with a 
transparent orthography is the impairment in reading speed (de Jong & van der 
Leij, 2003; Landerl, 2001; Serrano & Defior, 2008), accuracy is also affected (Patel, 
Snowling, & de Jong, 2004). Error patterns of beginning readers have been 
shown to reflect the linguistic and orthographic system (Cossu, Shankweiler, 
Liberman, & Gugliotta, 1995; Ellis et al., 2004; Ognjenović, Lukatela, Feldman, & 
Turvey, 1983;), revealing that alphabetic processing is a basic reading strategy in 
readers of a transparent orthography (Aro & Wimmer, 2003; Goswami, 2002; 
Ellis et al., 2004; Millor Guron & Lundberg, 2004; Seymour, Aro, & Erskine, 2003; 
Wimmer & Goswami, 1994). Focus therefore is on Dutch words with a 
phonological consonant-vowel-consonant (CVC) structure, because, these 
words — with the exception of a few loan words — are orthographically fully 
transparent in reading, that is, can be read by applying grapheme-phoneme 
correspondence rules (see Booij (1995) for an introduction to Dutch 
orthography). 
Only Gough, Juel, and Griffith (1992) have directly examined the 
instability of reading errors made by typically developing children. They asked 
beginning English readers to read and spell the same words, which were mostly 
regular CVC words, in two sessions spread across a week. The children’s reading 
errors were not found to be completely stable as only 70% of the words were 
read correctly on both occasions, 12% were read incorrectly on both occasions 
(stable errors), and 18% were read incorrectly on one occasion and correctly on 
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another (unstable errors). It is uncertain whether Gough et al.’s findings apply 
to a transparent orthography as well. Our study fits in with Gough et al.’s study 
as we will use the same operationalization to define stable (twice incorrect) and 
unstable (once correct, once incorrect) errors. Participants in the present study 
are Dutch typically developing first- and second grade readers and reading-level 
matched poor readers. 
Error instability might be affected by word characteristics such as 
frequency, bigram frequency, number and frequency of orthographic neighbors. 
First of all, word frequency strongly affects lexicalization (e.g., Murray & Forster, 
2004; Rastle, 2007). Facilitative effects of sublexical word characteristics for adult 
word recognition such as bigram frequency have been reported by, among 
others, Arduino and Burani, (2004), Balota, Yap, and Cortese (2006), and 
Gernsbacher (1984). Bigram frequency correlates with neighborhood 
characteristics; words with a high bigram frequency usually not only have many 
neighbors, but also more high-frequency neighbors (Frauenfelder, Baayen, 
Hellwig, & Schreuder, 1993; Landauer & Streeter, 1973). A neighbor refers to a 
word that can be formed from another word by changing one letter, a 
phonological neighbor can be formed by changing one phoneme. In our study, 
we will consider the number and the word frequency of orthographic and 
phonological neighbors.  
In order to control for an experimental processing bias due to item 
selection (see Share, 1995), two sets of words are used. One set consists of CVC 
words sampled on the basis of a token count1 (i.e., random sampling using 
sampling weights proportional to token frequency), that is, a set involving 
mostly CVC words that children frequently encounter in daily life. The other 
one is a set of CVC words sampled from a type list, and is a random sample of 
words coming from the entire frequency spectrum. Random sampling from the 
entire frequency spectrum inevitably — according to Zipf’s law (Zipf, 1936) — 
results in a sample with a relatively small number of high-frequency words and 
high number of low-frequency words (see also Baayen, 2001). Use of the first set 
gives insight into the reading of words children generally encounter in print; use 
of the second set gives insight into the reading of more uncommon and 
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unfamiliar words in the lexicon, but these are exactly the words that comprise 
most of the vocabulary of a language (Zipf, 1936).  
In the present study, the main questions are: How often are words read 
unstably (i.e., how often is the same word read incorrectly on one occasion and 
correctly on another)? Which word characteristics determine the occurrence of 
reading errors and the instability of reading errors? Do typically developing 
readers in grade 1 and 2 differ in their instability from reading-level matched 
poor readers? 
 
EXPERIMENT 1 
Method 
Participants 
Typical readers and reading-level matched poor readers were selected 
from seven schools: five regular primary schools and two special schools for 
primary education (Eurybase, 2008). All children had Dutch as their first 
language. Neither the manner in which the schools were selected nor incidental 
information on the individual schools suggested that the samples were biased 
by their socioeconomic background. Two versions of a Lexical Decision Test 
(LDT, van Bon, 2007) were employed to initially determine the reading abilities 
of both the students in regular and special schools for use in sample selection. 
We incorporated the LDT, as it is an adequate and reliable alternative for using 
oral reading tests (van Bon, Hoevenaars, & Jongeneelen, 2004). In the regular 
schools, all students in grades 1, 2, and 3 2 (n = 673) were asked to complete the 
LDT. In the special schools, all grade 1 through 6 students (n = 386) were asked 
to complete the LDT. 
Four reader groups were formed on the basis of the LDT: typical readers 
in grade 1 (TR1, n = 47); typical readers in grade 2 (TR2, n = 46); poor readers 
matched to the reading level of the typical grade 1 readers (PR1, n = 40); and 
poor readers matched to the reading level of the typical grade 2 readers (PR2, n 
= 45). 
The LDT scores for 50 randomly-selected grade 1 students, 50 
randomly-selected grade 2 students, and 50 randomly-selected grade 3 students 
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in regular education were taken as a point of departure. The students with a 
score above the 10th percentile for their grade level on the LDT were considered 
typical readers; the remaining students were considered poor readers. Three 
poor readers in grade 2 were assigned to PR1, and four poor readers in grade 3 
were assigned to PR2 if their reading scores were in the range of TR1 or TR2 
respectively.  
Next, poor readers in the special schools were selected for participation. 
Children are in this type of education because of their learning disabilities, mild 
mental retardation or mild behavioral problems. The majority of these children 
(73%) are poor readers (van Bon, Bouwmans, & Broeders, 2006). To ensure a 
sample of typical IQ children, children with mental retardation or behavioral 
problems were excluded from participation. Children were considered poor 
readers if they scored below the 10th percentile for their grade level on the LDT 
and if they had received at least one more year of reading instruction than the 
typical readers they were matched to. Of the special school students, 37 poor 
readers in grade 2, 3 and 4 were allocated to PR1, and 41 poor readers in grade 
3, 4 and 5 were allocated to PR2, if their reading scores were in the range of TR1 
or TR2 respectively.  
 The descriptive statistics for the four reader groups can be found in 
Table 1. As can be seen, the number of boys and girls was almost equal among 
the typical readers. The poor readers included more boys than girls (Habib, 
2000).  
To verify whether PR1 matched TR1, and PR2 matched TR2, selected 
participants completed a Word Decoding Test (WDT) and a Nonword Reading 
Test. A multivariate analysis of variance, with the reading scores of PR1 and TR1 
on the LDT1 and 2, WDT1, 2 and 3, and Nonword Reading Test as the 
dependent variables, and Reading group (typical vs. poor) as factor (see Table 
1), showed a main effect of Reading group (F(6, 58) = 2.53, p < .05, ηp2 = .21). 
However, closer examination of the main effect showed PR1 to not differ from 
TR1 on all tests (LDT1 and WDT1, 2 and 3 F < 1; LDT2: F (1, 63) = 1.15, p = .29, 
ηp2 = .02; Nonword Reading Test: F (1, 63) = 1.93, p = .17, ηp2 = .03). It can thus 
be concluded that the reading performance of PR1 matched TR1. Next, a similar 
analysis was performed to verify whether PR2 matched TR2. Again, we found a 
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main effect of Reading Group (F (6,67) = 2.32, p < .05, ηp2 = .17, but PR2 did not 
differ from TR2 on any of the tests (LDT1 and 2, WDT1, 2 and 3 F <1; nonword 
reading: F (1, 72) = 3.15, p = .08, ηp2 = .04). It can thus be concluded that PR2’s 
reading performance matched TR2 as well.  
 
Table 1 Descriptive Information for Four Groups of Readers; Means and Standard 
Deviations (in Parentheses) for Paper-and-Pen Lexical Decision Tests with 
Monosyllabic Words (LDT1) and Bisyllabic Words (LDT2), Word Decoding Test 
(WDT1, WDT2, and WDT3), and Nonword Reading (NWR). Scores are Reported 
as Items per Minute. 
 Reader Groups 
 TR1 (n = 47) PR1 (n = 40) TR2 (n = 46) PR2 (n = 45) 
Gender 
(girls/boys) 
24/23 14/26  21/25 13/32 
Age rangea  6;4     -  8;8 8;0     -  11;5 7;6    -  9;6 8;3     -  11;4 
Agea 7;2  (0;5) 9;5  (0;10) 8;1  (0;6) 10;3  (0;10) 
Months of 
Reading 
Instruction 
9 (0) 25 (7) 19 (0) 32 (6) 
 
Reading Tests 
    
LDT1 22.55  (10.98) 21.75  (7.87) 40.96  (11.38) 40.63  (11.44) 
LDT2 18.29  (12.39) 21.45  (9.00) 43.15  (19.29) 47.49  (17.38) 
WDT1 48.59  (23.11) 42.25  (19.57) 76.46  (13.78) 75.58  (18.23) 
WDT2 33.11  (22.75) 27.58  (16.87) 66.11  (19.00) 63.29  (21.61) 
WDT3 19.68  (16.07) 17.33  (13.75) 48.34  (16.71) 47.76  (19.78) 
NWR 12.13  (6.96) 9.22  (5.27) 21.24  (6.42) 18.01  (7.85) 
Note. Age is given in years; months. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in 
Grade 2, PR1 = Poor readers matched to the reading level of TR1, PR2 = Poor Readers matched 
to the reading level of TR2. 
 
 
Procedure and instruments 
Reading Tests 
Lexical Decision Test (LDT). The students were asked to complete two 
versions of a standardized paper-and-pen lexical decision test, the 
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‘Doorstreepleestoets’ (van Bon, 2007). Each version involves a card with words 
distributed across it in columns. LDT1 is composed of CVCC and CCVC words 
and has 60 nouns interspersed with 20 pseudowords. LDT2 is composed of 
bisyllabic words and has 90 nouns interspersed with 30 pseudowords. Students 
are asked to silently read the items and cross out every pseudoword. The raw 
score for each test is the number of words judged within a minute minus the 
number of errors. The tests were administered in class by the teacher. Test–
retest reliability for children in grades 1 to 3 is considered sufficient, .81 for 
LDT1 and .82 for LDT2 (van Bon, 2007). 
 
Word Decoding Test (WDT). A standardized word reading test, the 
‘Drie-Minuten-Toets’ (Verhoeven, 1995) [Three One-Minute Tests] was 
administered individually to assess the oral reading abilities of the students for 
words in isolation. This test consists of three cards with words listed in columns 
(WDT1: simple monosyllabic words; WDT2: monosyllabic words with one or 
two consonant clusters; WDT3: two-, three-, and four-syllable words). Students 
are instructed to read the words aloud as quickly and accurately as possible. The 
raw score for each card is the number of words read correctly in one minute. 
The reported reliability of the three cards (Cronbach’s α) ranges from .86 to .94 
(Verhoeven & van Leeuwe, 2003) and is judged sufficient.  
 
Nonword Reading Test.  In order to assess the decoding ability of the 
students for pseudowords, a standardized Nonword Reading Test was 
administered (van den Bos, Lutje Spelberg, Scheepstra, & de Vries, 1994). The 
test consists of nonwords of increasing length. The students are instructed to 
read the pseudowords aloud as quickly and accurately as possible. The test 
score is reported as the number of nonwords read correctly per minute. The 
parallel reliability is good, .93 and above (van den Bos et al., 1994). 
 
Computer Reading Task 
Stimuli for the computer reading task.  Words with a phonological CVC 
structure were selected from the Celex Database (for a description see Baayen, 
Piepenbrock, & van Rijn (1993)). The selected words were the lemmas for words 
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that can occur independently in a language (i.e., nouns, verbs, adjectives, 
adverbs, and numbers). Proper names and words with a foreign orthography or 
phonology were eliminated. Of the initial 1078 lemmas, 861 constituted the 
final set3 (see Appendix A). 
 
Sampling from the lemma set.  To ensure a sample that reflects the 
reading of words children generally encounter in print, the CVC words were 
sampled on the basis of their token count. For all lemmas, frequency was 
calculated using the Celex Database (Baayen et al., 1993). If necessary, 
frequencies for the different syntactic classes of the same lemma were summed. 
Sampling chance of a lemma selection was proportional to its token frequency. 
Thus, the higher the frequency of occurrence of a lemma, the higher its 
possibility of being selected. Thirty different samples of 200 lemmas each were 
randomly drawn for use with individual participants. 
 
Procedure 
General procedure.  All children were tested in the same period of the 
school year. The WDT and the computer reading task (first time) were 
administered on the first day of testing. The Nonword Reading Test and the 
computer reading task (second time) were administered one to three days later. 
 
Administration of the computer reading task.  Laptops with 14’’ screens 
were used for the computer reading task. The CVC target words were presented 
in black lower case letters (Arial, size 46) on a white background in the center of 
the screen. The letters strings had a height of approximately 1.5 cm and ranged 
from 2 cm to 6.5 cm in length. The child was seated approximately 60-80 cm 
from the computer screen. A microphone was positioned in front of the child. 
The task was administered twice (Time 1 and Time 2). The same word 
sample was used on both occasions but the words were presented in a different 
random order. Each testing occasion started with a practice block of 20 
randomly presented CV and VC words. Next, the 200 target words were 
presented in five blocks of 40 words. Each block was followed by a short break. 
The experimenter recorded the (in)correctness of the students’ responses using 
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a button box connected to the computer. All responses that did not 
correspond to the correct pronunciation of a word were considered errors. If 
students corrected themselves, the response was not considered an error.  
The target words were presented one at a time, and the child was 
instructed to name the word on the screen as quickly and as accurately as 
possible. Each item was preceded by the presentation of a fixation cross (a +) in 
the center of the screen for 750 ms. After a blank screen for 150 ms, the target 
word was presented. The word disappeared as soon as the student spoke. If the 
student did not speak within 10 seconds, the response was considered incorrect 
and exposure was terminated. No feedback was given. 
Trials were considered invalid if the voice key was triggered by another 
sound than the student’s voice or if the voice key did not respond. The 
percentage of invalid trials was 8.5% for PR1, 4.0% for PR2, 6.5% for TR1, and 
4.4% for TR2.  
 
Data Analyses 
Test score stability was based on the accuracy scores for each subject 
summed across items (i.e., numbers correct) at each occasion. Stability of item 
difficulty was based on the item scores averaged across subjects (Nunnally & 
Bernstein, 1994) at each occasion. The stability of both over the two test 
occasions were determined using the Intraclass Correlation (ICC, Absolute 
Agreement, Two-Way Mixed, Single Measure).  
The amount of error instability is – almost inevitably – related to the 
number of errors: In case of only errors or of no errors at all, there can be no 
instability. Maximum instability can be obtained if a student’s score or an item’s 
difficulty is 50%. Therefore, we calculated an error instability measure that 
corrects the number of instabilities found for a student or an item for the 
theoretical maximum for this number of errors, the Instability Score (IS)4 
(Appendix B). IS, which can be calculated for subjects (ISsubj), and items (ISitem), 
can vary from 0 to 1. The score 0 will be interpreted as maximally stable and 1 
as maximally unstable. 
An IS could not be calculated for subjects who (a) made no errors (TR1: 
n = 3; TR2: n = 7; PR2: n = 6), or (b) made errors on only one occasion. Subjects 
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without an IS for the latter reason were therefore classified as maximally 
unstable (TR1: n = 4; TR2: n = 13; PR1: n = 1; PR2: n = 4). Similarly, items were 
classified as maximally unstable that were misidentified on one occasion only 
(TR1: n = 185; TR2: n = 118; PR1: n = 161; PR2: n = 158).  
 
 
Results and Discussion 
First, the stability of test scores and item difficulty is compared between 
groups of readers. Next, error instability is explored, for subjects and items 
separately.  
 
Stability of Reading Scores 
Test Score Stability 
The percentages correct for the two administrations of the computer 
reading task were calculated. In the upper part of Table 2, the mean percentages 
correct at Time 1 and Time 2 are presented. Paired t-tests showed that the 
accuracy of the children’s reading at the two occasions did not differ for any of 
the groups. The ICC between Time 1 and Time 2 were highly significant for all of 
the groups (p < .001), indicating that the accuracy of the students’ reading was 
very stable. 
Possible differences in the stability of the reading levels were examined 
using a repeated measures analysis of variance. Percentage correct was the 
dependent variable. Time (first vs. second administration) was a within-subjects 
factor, and Reading level (1 vs. 2) and Reading group (typical vs. poor) were 
between-subjects factors. The results showed main effects of both Reading level 
(F(1, 174) = 59.91, p < .001, ηp2 = .26) and Reading group (F(1, 174) = 13.31, p < 
.001, ηp2 = .07), but no main effect of Time (F <1, ηp2 < .01), no interaction of 
Time by Reading level (F < 1, ηp2 < .01), and no interaction of Time by Reading 
group (F(1, 174) = 2.25, p = .14, ηp2 = .01). A trend towards significance was 
observed for the Reading level by Reading group interaction, however (F(1, 174) 
= 3.72, p = .06, ηp2 = .02). No third order interaction of Time by Reading level by 
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Reading group was found (F(1, 174) = 1.23, p = .27, ηp2 < .01). The absence of 
effects involving Time attests again to the stability of the test scores. 
 
Table 2 Mean Reading Accuracy and Item Difficulty per Reading Group on the 
Computer Reading Task (SD in Parentheses), Results of the Paired t-tests for Time 
1 vs. Time 2, and Intraclass Correlations (ICC) between Time 1 and Time 2. 
Reading Group Mean Percentage Correct t  df ICC 
 Time 1 Time 2    
Reading Accuracy (averaged across items) 
   TR1 92.21  (8.37) 93.04 (7.90) -1.54 46 .90*** 
   TR2 98.36  (1.78) 98.51  (2.04) -.73 45 .76*** 
   PR1 87.22  (9.95) 86.88  (10.75) .50 39 .92*** 
   PR2 96.73  (4.02) 96.70  (3.97) .13 44 .92*** 
Item difficulty (averaged across subjects) 
   TR1 91.56  (15.31) 92.63  (14.23) -1.410  622 .18** 
   TR2 97.43  (9.32) 98.08  (6.80) -1.465  616 .11* 
   PR1 87.11  (17.67) 86.93  (18.25) .201  583 .35** 
   PR 2 96.16  (10.35) 95.86  (10.88) .687  614 .48** 
Note. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in Grade 2, PR1 = Poor readers 
matched to the reading level of TR1, PR2 = Poor Readers matched to the reading level of TR2. 
* p < .05, ** p < .01, *** p < .001.  
 
 
Stability of Item Difficulty 
Statistics on item difficulty — mean percentage of students who read a 
specific item correctly on Time 1 or Time 2 — are presented in the bottom of 
Table 2 5. A repeated measures analysis of variance was conducted on the 
percentage correct per item (i.e., with items as cases), with Time (first vs. second 
administration) as a within-items factor, and Reading level (1 vs. 2) and Reading 
group (typical vs. poor) as between-items factors. The results showed main 
effects of both Reading level (F(2, 2435) = 61.69, p < .001, ηp2 = .11) and Reading 
group (F(2, 2435) = 284.24, p < .001, ηp2 = .03) but no main effect of Time (F < 1, 
ηp2 < .01), no interaction of Time by Reading level (F < 1, ηp2 < .01), and no 
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interaction of Time by Reading group (F(2, 2435) = 2.88, p = .09, ηp2 < .01). A 
significant Reading level by Reading group interaction was found (F(2, 2435) = 
14.64, p < .001, ηp2 < .01). No third order interaction was found of Time by 
Reading level by Reading group (F < 1, ηp2 < .01). The absence of effects 
involving Time shows that the accuracy levels for the items do not change 
systematically for any of the reader groups. 
Paired t-tests on the mean percentages correct for the items at Time 1 
and Time 2 showed that mean percentages correct do not differ significantly 
between Time 1 and Time 2. The ICCs between Time 1 and Time 2 were found 
to be significant for all of the groups but fairly low — particularly when 
compared to the ICCs for the test scores. The rather low stability suggests that 
the probability of a specific word being read correctly varies across occasions. 
 
Instability of Reading Errors 
Subject Analyses 
Tables 3a through 3d present the percentages of words read correctly or 
incorrectly on both occasions, and unstably.  
 
Tables 3a - 3d Percentages of Words Read Correctly and Incorrectly at Times 1 
and 2 for Four Reading Groups. 
 
3a Typical Readers Grade 1  3b Typical Readers Grade 2 
 Time 2   Time 2 
Time 1 Incorrect  Correct  Time 1 Incorrect  Correct 
Incorrect 2.41% 5.38%  Incorrect 0.34% 1.30% 
Correct 4.56% 87.65%  Correct 1.15% 97.21% 
3c Poor Readers Matched to Grade 1 
 
3d Poor Readers Matched to Grade 2 
 Time 2   Time 2 
Time 1 Incorrect  Correct  Time 1 Incorrect  Correct 
Incorrect 5.17% 7.61%  Incorrect 0.95% 2.32% 
Correct 7.95% 79.26%  Correct 2.35% 94.38% 
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 The number of unstable responses varies from as low as 2.45% for TR2, 
to 15.56% for PR1. While the poor readers made more unstable errors on 
average than the typical readers, the percentage of unstable errors, as a function 
of the errors made, is larger for the typical readers than the matched poor 
readers, and larger in grade 2 reading level than in grade 1 reading level. It thus 
seems that the number of unstable errors need to be interpreted in view of the 
total number of errors made. Both the number of stable and unstable errors are 
significantly predicted by the error percentages reported in Table 3 (r = .91 for 
TR2, .92 for PR1, and .94 for both PR2 and TR1; p < .001 for all reader groups).  
In Table 4, the mean ISsubj, the SDs, and the results of one-sample t-tests 
to determine whether the ISsubj significantly deviates from maximally stable (0) 
or maximally unstable (1) are presented. For each group, the ISsubj was found to 
deviate significantly from both 0 and 1, which shows that the reading errors 
were neither completely stable nor completely unstable. 
 
Table 4 Means and SDs for Instability Scores Summed across Subjects (ISitem) or 
across Items (ISsubj) and Results of One-Sample T-tests for ISsubj against 0 and 1, 
respectively.  
 ISsubj  ISitem 
   One-sample t-tests     
    (test value 
= 0) 
(test value = 
1) 
    
Reading 
Group 
M SD df t t  na M SD 
   TR1 .65 .29 43 14.63*** -7.91***  378 (623) .75 .41 
   TR2 .82 .28 38 18.21*** -3.83***  162 (617) .85 .35 
   PR1 .59 .23 39 16.37*** -11.16***  417 (584) .68 .42 
   PR 2 .80 .21 38 23.59*** -5.82***  241 (615) .81 .38 
Note. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in Grade 2, PR1 = Poor readers 
matched to the reading level of TR1, PR2 = Poor Readers matched to the reading level of TR2. 
a n denotes the number of items incorporated in the study, that is the number of items with 
valid Instability Scores.  
* p < .05, ** p < .01, *** p < .001.  
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An analysis of variance with ISsubj as the dependent variable and Reading 
level (1 vs. 2) and Reading group (typical vs. poor) as the between-subjects 
factors rendered no significant interaction of Reading level by Reading group (F 
< 1, ηp2 < .01) and no main effect of Reading group (F < 1, ηp2 = .01). Evidently, 
the instability of the reading errors produced by typical readers does not differ 
from the instability of the reading errors produced by reading-level matched 
poor readers. The main effect of Reading level (F(1, 158) = 22.38, p < .001, ηp2 = 
.12) shows the reading errors of readers at level 2 to be less stable than the 
reading errors of readers at level 1.  
In sum, the reading errors were not completely unstable, nor completely 
stable. Typical readers did not differ from reading-level matched poor readers. 
The reading errors of the readers at level 2, however, were less stable than those 
of readers at level 1.  
 
Item Analyses 
The means and SDs for ISitem are presented in Table 4. Analyses were 
conducted to determine which word characteristics affect the occurrence and 
the instability of reading errors. The characteristics of interest were determined 
for each item (see Table 5): 1) word frequency (the natural logarithm of its 
frequency per million), 2) bigram frequency, 3) number of orthographic 
neighbors, 4) number of phonological neighbors, 5) word frequency for the 
most frequent orthographic neighbor (the natural logarithm), and 6) word 
frequency of the most frequent phonological neighbor (the natural logarithm).  
Given considerable collinearity in the predictor variables (the condition 
number was too high (69) according to Belsley, 1991), entry of all the variables 
into the regression analyses would affect the estimates of the coefficients and 
their variances in the linear models (Chatterjee, Hadi, & Price, 2000). To avoid 
collinearity, the number of predictors was reduced using a principal 
components analysis6. Three orthogonal factors were identified that accounted 
for 75% of the variance. The first factor is marked by high loadings for bigram 
frequency and word frequency of both the most frequent orthographic and 
phonological neighbors (see Table 5). This factor will be referred to as pattern 
frequency. The second factor is marked by high loadings of the number of 
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phonological and orthographical neighbors and by a negative loading for word 
length. This factor will be referred to as neighborhood size. High loadings for 
word frequency alone characterized the third factor, which is therefore referred 
to as word frequency.  
 
Table 5 Descriptives of Word Characteristics (861 words) and Factor Loadings 
from Principal Components Analysis.  
Word Characteristic Min Max M SD Factor 1  
Pattern 
Frequency 
Factor 2  
Neighbor-
hood Size 
Factor 3  
Word 
Frequency 
Frequency orthographic 
neighbor 
-0.13 4.32 2.30 0.74 .85 .20 -.10 
Frequency phonological 
neighbor 
0.52 4.32 2.58 0.65) .87 -.09 .06 
Bigram frequency 11.53 15.79 13.72 0.67 .78 .07 .28 
Number of 
orthographic neighbors 
0 28 11.34 4.69 .19 .89 .04 
Number of 
phonological neighbors 
3 35 18.37 5.95 .15 .77 .20 
Word length 3 5 3.62 0.50 .19 -.72 .20 
Word Frequency -1.62 4.32 0.77 1.01 .09 .03 .95 
% Variance     35.38 25.54 14.04 
 
 
In regression analyses, for each of the reading groups separately, with item 
difficulty as the dependent variable and the three factor scores as predictors 
(see Table 6), accuracy was found to be explained to only a limited degree by 
the three factors for all groups (adjusted R2 varying from .04 to .10), probably 
due to the high item scores. Word Frequency and Neighborhood Size were the 
strongest predictors. Pattern Frequency was a (marginally) significant predictor, 
and only for grade 1 readers (TR1 and PR1). 
Linear regression analyses to determine which word characteristics affect 
the instability of reading errors were not permitted as the ISitem data were 
bimodally distributed with peaks towards stability (0) and instability (1). 
Therefore, ISitem was dichotomized into 0 for items that were read stably  
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incorrect and 1 for all items that were read unstably, independent of the degree 
of instability. Binary logistic regression analyses for each of the reading groups 
with dichotomized ISitem as the dependent variable and Pattern Frequency, 
Neighborhood Size, and Word Frequency as the explanatory variables (see Table 
6) revealed significant models for TR1, PR1, and PR2, but not for TR2. Using R2 
of McKelvey and Zavoina (1975; see DeMaris, 2002), the estimated amount of 
variance explained by the regression of ISitem on word characteristics was found 
to be low, from .06 for PR1 to .16 for PR2. The strongest predictor of accuracy, 
Word Frequency, was also a strong predictor of ISitem for these three groups: the 
higher a word’s frequency, the greater the instability of the reading errors. ISitem 
was also predicted by Pattern Frequency for TR1 and by Neighborhood Size for 
PR1. In summary, for all but the most competent readers in our study (TR2), the 
instability of reading errors could be explained to a small degree by certain word 
characteristics and most strongly by Word Frequency: The higher a word’s 
frequency, the less stable the reading errors.  
 
Summary 
The results of Experiment 1 can be summarized as follows. Children’s 
overall reading accuracy (i.e., the mean test scores on two occasions) was found 
to be very stable for all of the groups. A rather low item score stability was 
found, however, which suggests that, although roughly the same number of 
words are read correctly on both occasions, the specific words that are read 
incorrectly vary from one occasion to the other. Examination of the 
inconsistency of the children’s reading errors, correcting for biasing effects of 
the number of errors, shows that the reading errors that they produced were 
neither completely stable or unstable. The instability of the reading errors 
produced by typical readers did not differ from that of the reading errors 
produced by reading-level matched poor readers. However, the reading errors 
produced by the grade 2 readers (TR2 and PR2) were found to be less stable 
than the reading errors produced by grade 1 readers (TR1 and PR1). 
The accuracy of the children’s reading in all of the groups was explained 
to a significant — but limited — extent by certain word characteristics. The 
higher the Word Frequency and Neighborhood Size of an item, the higher the 
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accuracy of reading for that specific item. Pattern Frequency also predicted the 
accuracy of reading significantly for the TR1 group. These results are in line with 
literature on the effect of word characteristics. More importantly for the central 
topic of this study, the instability of the children’s reading errors was also 
explained by various word characteristics — although again to only a limited 
extent. The higher a Word’s Frequency, the more unstable the reading errors 
produced by the children when reading the word. For TR2, reading accuracy 
was predicted by various word characteristics but not the instability of errors. In 
addition to Word Frequency, the word characteristics Pattern Frequency and 
Neighborhood Size played a minor role in the prediction of error instability for 
the other groups: TR1, PR1, and PR2. 
 
 
EXPERIMENT 2 
In Experiment 1, the word selection was based on token-count sampling 
and reflects the reading of words children generally encounter in print, but it 
does not represent the full range of words that comprise the Dutch vocabulary. 
Moreover, as error instability correlates with word frequency and our results are 
based on a sample of predominantly high-frequency words, our results might be 
biased (see also Share, 1995). To determine whether the degree of error 
instability is affected by the characteristics of the word set, an additional 
experiment was conducted with CVC words sampled from a type list. 
 
 
Method 
  In Experiment 2, the same methodology was followed as in Experiment 
1. Experiment 1 and 2 only differed with respect to the lemma samples used in 
the computer reading task.  
 
Participants 
Four regular schools and two special schools for primary education 
participated. In the regular schools, students from grades 1, 2 and 3 completed 
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the lexical decision test (n = 412). In the special schools, students from grades 1 
through 6 completed the lexical decision test (n = 215). Four reader groups 
were created using the same criteria and procedure as in  
Experiment 1: TR1 (n = 34), TR2 (n = 33), PR1 (n = 34), and PR2 (n = 30). The 
typical readers all attended regular education schools; 26 of the students 
allocated to the PR1 group were in special schools and 8 in regular schools; 24 of 
the students allocated to the PR2 group were in special schools and 6 in regular 
schools. Grade 1 students had received 9 months of formal reading instruction, 
grade 2 students 19 months. No student had doubled grades. Poor readers 
whose reading age was ‘end of first grade’ had received approximately 24 
months (SD = 8 months) of formal reading instruction, and poor readers whose 
reading age was ‘end of second grade’ 34 months (SD = 8 months).  
The initial selection of the participants for Experiment 2 was undertaken 
a few months earlier in the school year than the selection of the participants for 
Experiment 1. The remaining tests were administered during the same school 
period as the tests for Experiment 1. Given that a considerable amount of time 
had elapsed between the administration of the LDT and the other tests, 
however, the reader groups in Experiment 2 were matched for reading level 
using the more recent WDT1 and not the LDT1 and 2. The descriptive statistics 
for the four groups of readers in Experiment 2 are presented in Table 7.  
To check for the matching of subgroups, a multivariate analysis of 
variance (MANOVA) was conducted with the LDT, WDT, and Nonword 
Reading scores (see Table 7) as dependent variables and both Reading level 
(grade 1 vs. grade 2) and Reading group (typical vs. poor reader) as independent 
variables.  
The results show a main effect of Reading level (F(6, 122) = 23.22, p < 
.001, ηp2 = .53) and a main effect of Reading group (F(6, 122) = 5.20, p < .001, ηp2 
= .20) in addition to a significant Reading level by Reading group interaction 
(F(6, 122) = 5.81, p < .001, ηp2 = .22). Closer examination of the main effect of 
Reading group showed the poor readers to generally not differ from the typical 
readers on the LDT2, WDT1, 2 and 3, and Nonword Reading Test. However, PR1 
performed significantly better than TR1 on the LDT1 (F(1, 66) = 13.55, p < .001). 
The LDT1 was only used for initial selection and not for matching purposes, 
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which means that the typical and poor readers match sufficiently well on all of 
the relevant tests. 
 
Table 7 Descriptive Information for Four Groups of Readers in Experiment 2; 
Means and Standard Deviations (in Parentheses) on Paper-and-Pen Lexical 
Decision Tests with Monosyllabic Words (LDT1) and Bisyllabic Words (LDT2), 
Oral Reading of Real Words (Three One-Minute Tests: WDT1, WDT2, and WDT3), 
and Nonword Reading (NWR).  
 Reader Groups 
 TR1 (n=34) PR1 (n=34) TR2 (n=33) PR2 (n=30) 
Gender (girls/boys) 16/18 13/21 14/19 19/11 
Agea 7;0 (0;5) 9;9 (1;3) 8;1 (0;5) 10;6 (1;1) 
Age rangea 6;3-8;2 8;0-12;3 7;6-8;10 8;8-12;7 
 
Reading Skills 
    
LDT1 10.09  (6.63)    18.24 (11.07) 33.27 (11.94) 33.40 (12.81) 
LDT2 19.31 (11.92) 17.06 (13.58) 31.12 (11.88) 35.47 (17.50) 
WDT1 48.32 (20.00) 40.91 (19.30) 76.27 (19.60) 69.70 (17.49) 
WDT2 37.65 (19.07) 34.02 (19.94) 60.15 (21.29) 58.21 (21.34) 
WDT3 23.25 (12.28) 22.88 (18.64) 42.24 (16.44) 44.34 (19.48) 
NWR 22.59 (10.51) 18.38 (11.64) 35.70 (14.29) 34.40 (15.97) 
Note. Age is given in years; months. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in 
Grade 2, PR1 = Poor readers matched to the reading level of TR1, PR2 = Poor Readers matched 
to the reading level of TR2. 
 
 
Procedure and instruments 
For the computer reading task, 30 word sets were sampled from the 
Celex lemma type list, but sampling for Experiment 2 was now conducted 
irrespective of a word’s frequency of use.  
 
 
Data analyses 
The type list sampling in Experiment 2 produced qualitatively different 
samples than in Experiment 1 with — by definition — a greater number of low 
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frequency words. In Table 8, an overview of the means, SDs, and word 
characteristics of the lemmas sampled in Experiments 1 and 2 is presented in 
addition to the loading of the items on the factors representing the word 
characteristics. Table 8 shows, as expected, the means of the factor scores 
(which are z-scores) to approach 0 and the SDs to approach 1. In contrast, 
Experiment 1 shows relatively high means for the factor Word Frequency. The 
effects of the type sampling procedure employed in Experiment 2 are also 
reflected in the lower Pattern Frequency factor scores than in Experiment 1. The 
factor loadings on the factor Neighborhood Size were similar in the two 
Experiments. 
 
Table 8 Factor Scores (as Z-scores) for Items used in Experiment 1 (Token 
Sampling) and Experiment 2 (Type Sampling) with Associated Means and SDs for 
Defining Word Characteristics.  
Factor Score 
   word characteristic 
Experiment 
    1  2 
 M SD Min Max  M SD Min Max 
Factor Pattern Frequency .14 .95 -3.46 2.77  .04 1.00 -3.46 2.77 
  freq ortho neighbors 2.44 0.77 -0.13 4.32  2.40 0.75 -0.13 4.32 
  freq phon neighbors 2.73 0.64 0.66 4.32  2.60 0.64 0.52 4.32 
  bigram freq 13.93 0.62 11.53 15.79  13.74 0.66 11.53 15.79 
Factor Neighborhood Size -.03 .99 -3.37 3.13  .02 1.00 -3.37 3.13 
  n ortho neighbors 12.69 5.10 0 30  12.65 4.99 0 30 
  n phon neighbors 18.79 5.62 0 35  18.49 5.96 0 35 
  word length  3.67 0.49 3 5  3.61 0.50 3 5 
Factor Word Frequency 1.04 .75 -1.47 3.46  .00 1.00 -2.64 3.46 
  word frequency 1.93 0.78 -0.54 4.32  0.78 1.06 -1.62 4.32 
Note. Word frequencies have been transformed on the basis of the natural logarithm of 
frequency per million. 
 
 
As in Experiment 1, ISsubj could not be calculated for subjects who (a) 
made no errors (PR2: n = 2), or (b) made errors on only one occasion. Subjects 
with no IS for the latter reason were reclassified as maximally unstable (TR1: n = 
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3; TR2: n = 8; PR1: n = 1; PR2: n = 3). Similar reclassifications were made on the 
basis of ISitem for items that were misidentified at one occasion only (TR1: n = 
268; TR2: n = 153; PR1: n = 253; PR2: n = 217).  
The same sequence of analyses was undertaken in Experiment 2 as in 
Experiment 1, first reporting the stability of reading scores with respect to test 
score and item difficulty and thereafter the instability of reading errors in 
subject analyses and item analyses. 
 
 
Results and Discussion 
Data Cleaning 
The analyses were conducted over valid trials only. The percentage of invalid 
trials was 6.8% for PR1, 2.6% for PR2, 5.9% for TR1 and 3.2% for TR2. Statistics 
(boxplot) and visual inspection (scatterplot) of the data showed that there 
were no extreme values present in the data. 
 
Stability of Reading Scores 
Test Score Stability 
The percentages correct on the computer reading task are presented in 
the upper part of Table 9. Paired t-tests showed the reading scores at Time 1 
and Time 2 to not differ except for the PR2 reading scores, which were 
significantly higher at Time 2 than at Time 1. The ICCs were significant for all of 
the groups (p < .001) but slightly lower than in Experiment 1 (cf. Table 2). Just 
as for Experiment 1, the results show the children’s reading test scores to be 
very stable. 
 A repeated measures analysis of variance was next performed on the 
percentage correct with Time (first vs. second administration) as a within-
subjects factor. Reading level (1 vs. 2) and Reading group (typical vs. poor) were 
between-subjects factors. The results showed main effects of both Reading level 
(F(1, 127) = 33.35, p < .001, ηp2 = .21) and Reading group (F(1, 127) = 14.38, p < 
.001, ηp2 = .10), but no main effect of Time (F(1, 127) = 3.22, p = .08, ηp2 = .03), 
and no interactions of Reading level by Reading group (F < 1, ηp2 < .01), Time by 
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Reading level (F < 1, ηp2 < .01), or Time by Reading group (F < 1, ηp2 < .01). A 
third order interaction of Time by Reading level by Reading group was also not 
found (F(1, 127) = 2.72, p = .10, ηp2 = .02). The results of Experiment 2 are in line 
with the results of Experiment 1. The absence of effects involving Time show 
the students to be quite stable with regard to the percentage correct and — as 
a consequence — in the percentage of reading errors made over time. The main 
effect of Reading group shows that the poor readers who were initially matched 
to the typical readers nevertheless made a few more errors than the typical 
readers on the computer reading task, just as in Experiment 1.  
 
Table 9 Mean Reading Accuracy and Item Difficulty per Reading Group on the 
Computer Reading Task (SD in Parentheses), Results of Paired T-tests for Time 1 
vs. Time 2, and Intraclass Correlations (ICC) between Time 1 and Time 2 
(Experiment 2). 
Reading Group Mean Percentage Correct t  df ICC 
 Time 1 Time 2    
Reading Accuracy (summed over subjects) 
   TR1 91.99 (6.00) 92.74 (6.71) -1.26 33 .85** 
   TR2 97.56 (2.57) 97.83 (2.12) -1.08 32 .80** 
   PR1 88.20 (8.52) 88.01 (7.69) .19 33 .78** 
   PR2 93.62 (6.12) 95.08 (5.01) -2.75* 29 .84** 
Item Difficulty (summed over items) 
   TR1 92.17 (12.90) 93.59 (11.31) -2.99** 794 .38** 
   TR2 97.43 (7.63) 97.97 (5.94) -1.81 854 .20** 
   PR1 88.55 (15.73) 89.08 (14.94) -.89** 843 .36** 
   PR 2 94.03 (11.68) 95.10 (10.38) -2.69 837 .45** 
Note. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in Grade 2, PR1 = Poor readers 
matched to the reading level of TR1, PR2 = Poor Readers matched to the reading level of TR2. 
* p < .05, ** p < .01.  
 
 
Item Difficulty Stability 
The mean percentages correct for the items are displayed in the lower 
part of Table 9. Paired t-tests show the mean percent correct per item for the 
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grade 1 readers at Time 1 to be slightly but significantly higher than that at 
Time 2. 
 A repeated measures analysis of variance was performed with the mean 
percentage correct per item as the dependent variable, with Time (first vs. 
second administration) as a within-subjects variable, and both Reading level (1 
vs. 2) and Reading group (typical vs. poor) as between-subjects variables. The 
results revealed main effects of Time (F(1, 3329) = 15.35, p < .001, ηp2 < .01), 
Reading level (F(1, 3329) = 246.68, p < .001, ηp2 = .07), and Reading group (F(1, 
3329) = 114.65, p < .001, ηp2 = .03). However, no interactions were found of 
Time by Reading level (F < 1, ηp2 < .01), Time by Reading group (F <1, ηp2 < .01), 
Reading level by Reading group (F(1, 3329) = 1.90, p = .17, ηp2 < .01), or Time by 
Reading level by Reading group (F(1, 3329) = 2.50, p = .11, ηp2 < .01). The results 
thus show students on average to perform significantly but only slightly better 
at Time 2 than at Time 1, and item difficulty to thus decline. The effect of Time 
does not differ across the four groups, however. 
Just as in Experiment 1, the ICCs for the item difficulties were relatively 
low when compared to the ICCs for reading accuracy, which shows the item 
difficulties to be less stable than the children’s reading scores. When the item 
ICCs from Experiment 2 are compared to those from Experiment 1 (cf. Tables 9 
and 2), the stability of item difficulty for the poor readers can be seen to be very 
much the same. For the typical readers, however, the stability of item difficulty 
over time is higher in Experiment 2 than in Experiment 1. 
With regard to the stability of item difficulties over time, the results of 
Experiment 2 again show a relatively poor correlation. The probability of a 
specific word being read correctly (or incorrectly) thus appears to vary across 
occasions to a certain degree. 
 
 
Instability of Reading Errors 
Subject Analyses 
Tables 10a through 10d present the percentages of words read correctly 
on both occasions, incorrectly on both occasions, or unstably (i.e., correctly on 
42 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
one occasion and incorrectly on another) for Experiment 2. The percentage 
unstable errors varied from 3.69% for TR2 to 16.04% for PR1, which is slightly 
higher than in Experiment 1. An ANOVA with percentage of unstable errors as 
the dependent variable and Experiment (1 vs. 2) as the independent variable, 
showed the difference between PR2 in Experiment 1 (4.67%) and Experiment 2 
(8.32%) to be significant (F(1, 74) = 6.68, p = .01). Also, the percentage of 
unstable errors for TR2 was marginally lower in Experiment 1 (2.45%) than in 
Experiment 2 (3.69%) (F(1, 78) = 3.68, p = .06). In other words, the lemma type 
sampling used in Experiment 2 led to somewhat greater error instability for TR2 
and PR2 when compared to the token sampling used in Experiment 1. 
 
Tables 10a - 10d Percentages of Words Read Correctly and Incorrectly at Time 1 
and Time 2 for Four Reading Groups (Experiment 2). 
 
10a Typical Readers Grade 1  10b Typical Readers Grade 2 
 Time 2   Time 2 
Time 1 Incorrect  Correct  Time 1 Incorrect  Correct 
Incorrect 2.13% 5.88%  Incorrect 0.46% 1.98% 
Correct 5.14% 86.85%  Correct 1.71% 95.85% 
10c Poor Readers Matched to Grade 1 
 
10d Poor Readers Matched to Grade 2 
 Time 2   Time 2 
Time 1 Incorrect  Correct  Time 1 Incorrect  Correct 
Incorrect 3.88% 7.93%  Incorrect 1.49% 4.89% 
Correct 8.11% 80.09%  Correct 3.43% 90.19% 
 
 
Once again, the ISsubj was computed. The mean ISsubj for the four groups 
and SDs are presented in Table 11. The results for Experiment 2 are roughly the 
same as those for Experiment 1. In order to determine whether ISsubj deviates 
significantly from 0 (maximally stable errors) or 1 (maximally unstable errors), 
one-sample t-tests were performed. As can be seen from Table 11, the children’s 
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reading errors are not completely stable but also not completely unstable, just 
as in Experiment 1. 
 
Table 11 Means and SDs for Instability Scores Summed across Subjects (ISitem) or 
across Items Subjects (ISsubj) and Results of One-Sample T-tests for ISsubj against 0 
and 1, respectively (Experiment 2).  
 ISsubj  ISitem 
   One-sample t-tests     
    (test value 
= 0) 
(test value = 
1) 
    
Reading 
Group 
M SD df t t  na M SD 
   TR1 .74 .20 33 21.66*** -7.59***  423 (795) .82 .37 
   TR2 .80 .28 32 16.08*** -4.15***  195 (855) .88 .32 
   PR1 .66 .21 33 18.32*** -9.32***  529 (844) .72 .42 
   PR 2 .75 .23 27 17.16*** -5.66***  343 (838) .81 .38 
Note. TR1 = Typical Readers in Grade 1, TR2 = Typical Readers in Grade 2, PR1 = Poor readers 
matched to the reading level of TR1, PR2 = Poor Readers matched to the reading level of TR2. 
a n denotes the number of items incorporated in the study, that is the number of items with 
valid Instability Scores.  
* p < .05, ** p < .01, *** p < .001.  
 
 
A univariate ANOVA with ISsubj as the dependent variable and both 
Reading level (1 vs. 2) and Reading group (typical vs. poor) as the independent 
variables showed a marginally significant effect of Reading level (F(1, 125) = 3.03, 
p = .08, ηp2 = .02), no main effect of Reading group (F(1, 125) = 2.14, p = .15, ηp2 
= .02), and no significant interaction of Reading level by Reading group (F < 1, 
ηp2 < 01.). The same conclusions can thus be drawn as in Experiment 1: The 
reading errors of grade 2 readers (TR2 and PR2), after correction for a biasing 
effect of the number of errors, are more unstable than the reading errors of 
grade 1 readers (TR1 and PR1) while the instability of the reading errors of 
typical readers does not differ from that of reading-level matched poor readers. 
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Item analyses 
In order to explore the effects of various word characteristics on the 
children’s reading accuracy and the instability of their errors over time, separate 
regression analyses were first undertaken for each group of children with 
accuracy as the dependent variable and the three word characteristic factors 
(i.e., Pattern Frequency, Neighborhood Size, Word Frequency) as predictors (see 
Table 12). As in Experiment 1, accuracy was only partially predicted by the word 
characteristics for all four groups. Word Frequency was again found to be the 
strongest predictor. The beta weights for each factor differ slightly from, but are 
generally comparable to those in Experiment 1.  
Next, the ISitem was computed for each item; the results can be found in 
Table 11. The item instability means and SDs in Experiment 2 can be seen to be 
roughly the same as those in Experiment 1 for all of the groups with the 
exception of TR1, which group produced a higher ISitem in Experiment 2 than in 
Experiment 1 (binary logistic regression, dependent variable dichotomized ISitem, 
predictor Experiment (1 vs. 2), p = .05, Exp(B) = 1.44).  
Due to its bimodal distribution, ISitem was dichotomized as in 
Experiment 1. Binary logistic regression analyses were then performed with the 
dichotomized ISitem as the dependent variable and the three word characteristic 
factors as predictors. As can be seen from Table 12, the regression coefficients 
(βs) in Experiment 2 were generally lower and less pronounced than in 
Experiment 1. The amount of variance explained was fairly low and even lower 
than that in Experiment 1, moreover. Surprisingly, ISitem was only marginally 
predicted by the various word characteristics for TR1 (p = .056). As in 
Experiment 1, ISitem was predicted for TR1 by Pattern Frequency and only 
marginally in Experiment 2 by Word Frequency (p = .062). In other words, the 
higher the Pattern Frequency and Word Frequency for an item, the greater the 
instability of responding to the item. It can thus be only concluded that the 
prediction of error instability is weaker in Experiment 2 than in Experiment 1 
and that the instability of reading errors on the basis of word characteristics can 
only be predicted for TR1. 
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Summary 
When the results of both Experiments 1 and 2 are considered together, 
it can be concluded that the token sampling employed in Experiment 1 resulted 
in word sets with higher Word Frequency and higher Pattern Frequency 
characteristics than the type sampling employed in Experiment 2. In both 
experiments, the students’ test scores (i.e., levels of reading accuracy) were 
found to be quite stable for all of the groups. Item score stability was lower than 
test score stability, which shows the words that were read incorrectly to vary 
over time. The instability of the children’s reading errors (ISsubj) reported in 
Experiment 2 did not differ from that reported in Experiment 1. The reading 
errors in both experiments were not completely unstable or completely stable. 
Furthermore, the same between-group differences were observed in both 
experiments: The reading errors of level 2 readers (TR2 and PR2) were found to 
be less stable than the reading errors of level 1 readers (TR1 and PR1). The 
instability of the reading errors produced by typical readers did not differ from 
that of reading-level matched poor readers in either of the experiments.  
The overall accuracy of the children’s reading was only for a small part 
predicted by various word characteristics. In both experiments, Word 
Frequency was the strongest predictor of accuracy. In Experiment 1, the error 
instability scores were predicted by Word Frequency for TR1, PR1 and PR2 and 
also by Pattern Frequency for TR1 and Neighborhood Size for PR1. In contrast, 
in Experiment 2, the error instability scores were only predicted for TR1 by 
Pattern Frequency and marginally by Word Frequency. Finally, despite the fact 
that word characteristics were presented in their full range in Experiment 2, the 
amount of variance in accuracy and error instability explained by the different 
word factors was lower in Experiment 2 than in Experiment 1. 
 
 
GENERAL DISCUSSION 
The instability of reading errors in grade 1 and 2 typical readers (TR1 
and TR2, respectively) and reading-level matched poor readers (PR1 and PR2, 
respectively) was explored using Dutch CVC words that are orthographically 
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fully transparent in reading and thus can be read by applying grapheme-
phoneme correspondence rules. Two sets of CVC words were used: a token-
based set with predominantly high-frequency words in Experiment 1, and a 
type-based set with predominantly low-frequency words in Experiment 2. 
The same main results were found in the two experiments. Overall 
reading accuracy was high and stable for all groups of children. This finding is in 
keeping with the CVC accuracy scores reported for a speeded reading task by 
Verhoeven and van Leeuwe (2009). In our Dutch study a larger percentage of 
errors was unstable than in the English study by Gough et al. (1992). Possibly, 
errors in a transparent orthography as Dutch are characterized by a higher 
instability than errors in an opaque orthography as English. Ellis et al. (2004) 
show that differences in orthographic transparency result in a different nature 
of reading errors (see also Miller Guron & Lundberg, 2004). Readers of opaque 
orthographies tend to recognize words on the basis of partial visual analysis, 
whereas readers of transparent orthographies synthesize pronunciations by 
means of decoding. The different reading strategies in opaque versus 
transparent orthographies may also entail differences in error instability.  
In both experiments, the Instability Score, which corrects for the 
number of errors, shows the children’s reading errors to be not completely 
stable or unstable. The reading errors of the second graders were more unstable 
than the errors of the first graders. Thus, our data show that error stability is 
associated with an early phase of a decoding strategy under acquisition. This is 
in line with the basic principle of miscue analyses, that recurrent, similar errors 
(error patterns), provide a window into strategies in progress.  
The poor readers’ errors did not differ in their instability from the 
typical readers’ errors. The reading behavior of the poor readers evidently does 
not stand out by a larger random component. Note, however, that our 
comparison of poor and typical readers involved groups matched with respect 
to reading level and thus of different ages. Do poor readers differ from age-
matched typical readers? In an additional analysis, the error instability of the 40 
children in the PR1 group was compared to that of 40 age-matched typical 
readers from grade 3 (mean age: 9;3, SD: 0;4). The instability of the errors 
produced by the poor readers was significantly lower than that of the age-
48 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
matched typical readers (F(1, 65) = 12.84, p = .001, ηp2 = .17). That this 
difference was not found in the comparison with typical readers matched for 
reading level, suggests that the reading development of Dutch poor readers with 
respect to error instability is delayed as opposed to deviant.  
As for Experiment 1, the instability of reading errors was predicted to 
some extent by the words’ lexical and sublexical characteristics. Word frequency 
was an important predictor of our index of error instability: the higher a word’s 
frequency, the higher the degree of (corrected) error instability. This effect was 
found for all but the most competent readers. Presumably, their self-teaching 
(Share, 1995) has matured to such a level that they have reached ceiling in 
reading both novel and high-frequency words, and the instability of their 
reading errors does not longer depend upon a word’s frequency. In the 
sublexical word characteristics studied, neighborhood size predicted error 
instability for PR1 only: the larger the neighborhood size, the higher the 
instability score. Thus, errors made in words with few neighbors were 
characterized as rather stable. This suggests that the instability of early reading 
errors is associated with the use of sublexical word units. We do not find this 
association in TR1, which suggests qualitative differences between beginning 
poor and typical readers. It may also be the case that poor readers matched to 
typical grade 1 readers tend to use an orthographic analogy strategy for the 
reading of both novel and known words (Wood, 2002). As for Experiment 2, 
accuracy was only partially predicted by the word characteristics, and word 
frequency was again found to be the strongest predictor. However, the amount 
of variance in accuracy and error instability explained by the different word 
factors was rather low in Experiment 2.  
In terms of the Dual Route Cascaded (DRC) model (Coltheart, Rastle, 
Perry, Langdon, & Ziegler, 2001) the orthographically transparent CVC words 
can be identified by both visual access and by using grapheme-phoneme 
correspondence rules. We hypothesize that the readers at level 1 have not yet 
fully acquired the relevant grapheme-phoneme correspondence rules. Chances 
are that they apply improper rules to words that are not lexicalized, with 
reading errors as a result. Lack of grapheme-phoneme correspondence 
knowledge leads to errors that are ‘rule-governed’ and thus rather stable 
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reading errors. With increasing reading experience, an increasing number of 
items will be identified via direct retrieval from the visual mental lexicon. The 
reading errors of the more experienced readers at level 2, therefore, probably, 
stem from inattentiveness and other stochastic processes in retrieving 
information from the visual mental lexicon (confusing with look-alikes, for 
example). Using the terminology of the DRC model to explain the different 
findings for the two experiments, we suggest that the words in Experiment 1 
had a higher chance of being read via the lexical route. Reading via the lexical 
route entails that words are recognized as a visual whole, implying that word 
characteristics such as orthographic neighborhood features and bigram 
frequency come into play more than in reading via the nonlexical route. 
Our results can also be interpreted partly in more plain and general 
terms. The beginning, grade 1, readers decode words consciously, they often are 
not aware of making errors, and they might even be convinced that their 
reading is correct, resulting in relatively many stable errors compared to the 
grade 2 readers. As reading competence increases, automatic and attentionless 
reading increases. As a result, random behavior is a relatively greater cause for 
making errors in grade 2 than in grade 1, resulting in a relatively high number of 
unstable errors. 
A limitation of our study is that it is focused on regular CVC words, and 
thus on a limited section (9.60%) of the Dutch lexicon. Further research should 
clarify whether our results apply as well to words that involve the application of 
contextual, graphotactical or morphological rules, or to words with an 
idiosyncratic spelling (see Chapter 3). 
Our results have several implications. In contrast to test scores, item 
scores in both poor and typical readers vary between test occasions. A 
theoretical implication is that models to explain the ability of a reader to 
successfully read a specific word, should also account for the low reliability of 
this skill. 
A practical implication for assessment and intervention is that 
individual word reading errors should be interpreted with considerable caution 
as performance at the item-level varies over time. Reading errors are far from 
consistent and error instability is related to the level of reading competence of 
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the student. This implicates that both the student’s reading level and the 
instability of his or her reading errors should be taken into consideration for 
exercises in reading. Our study casts doubts on indiscriminately concentrating 
on specific errors in instruction and practice (see Chapters 4 and 5). 
 
A little chest may hold great treasure (English proverb) 
 
3 
 
Instability of Children’s Reading Errors in 
Bisyllabic Words: The Role of Context-
Sensitive Spelling Rules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on the article accepted for publication pending revisions: 
Steenbeek-Planting, E. G., van Bon, W. H. T., & Schreuder, R. Instability of children’s 
reading errors in bisyllabic words: The role of context-sensitive spelling rules.  
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Abstract 
We examined the instability of reading errors, that is whether a child reads the 
same word sometimes correctly and sometimes incorrectly, as a function of the 
complexity of context-sensitive spelling rules (vowel degemination and consonant 
gemination). Dutch bisyllabic words were read twice by typical readers in Grades 
2 and 3, and reading-level matched poor readers. Grade 3 readers produced more 
unstable errors than Grade 2 readers. The poor readers did not differ from the 
typical readers in overall error instability. For typical readers, vowel degemination 
complicates word identification. For poor readers this effect was even stronger. Of 
the lexical and sublexical word characteristics, word frequency was the strongest 
predictor: The higher word frequency, the higher error instability. Word frequency, 
moreover, interacted with context-sensitive spelling rules in its effect on error 
instability. Error instability can be considered as an indicator of the transition 
from incompetence to reading competence.  
 
 
Introduction 
When listening to beginning readers one often finds them misreading a word 
that they read correctly only a moment earlier, or the other way around. This 
alternation between correct and incorrect word naming may provide a window 
on their underlying reading processes: When readers misread the same words 
over and over again, this suggests that they did not master the conversion rules 
necessary to decode these words. Conversely, when readers produce many 
unstable errors, their errors may be due to stochastic processes, to random slips 
of the mind. In Chapter 2 we investigated how often typically developing first 
and second graders, and poor readers that are reading level-matched, make 
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unstable reading errors in Dutch transparent consonant-vowel-consonant 
(CVC) words. Interestingly, the errors of second graders were more unstable 
than the errors of first graders. The reading of poor readers was as unstable as 
that of typically developing readers. Do these findings for CVC words also apply 
to more complex words, in particular words that involve the application of 
contextual rules? The present study investigates to what extent children make 
unstable reading errors in bisyllabic words in general, and more specifically, in 
bisyllabic words that involve complex context-sensitive spelling rules.  
This study focuses on errors in reading Dutch, an orthographically 
transparent language (Seymour, Aro, & Erskine, 2003). Children learning to read 
a transparent orthography make less reading errors than children learning to 
read an opaque orthography (Aro & Wimmer, 2003; Frith, Wimmer, & Landerl, 
1998; Patel, Snowling, & de Jong, 2004; Seymour et al., 2003). Comparison of 
different orthographies shows that error patterns in beginning readers reflect 
the linguistic and orthographic system (Cossu, Shankweiler, Liberman, & 
Gugliotta, 1995; Ellis et al., 2004; Miller Guron & Lundberg, 2004; Ognjenović, 
Lukatela, Feldman, & Turvey, 1983; Seymour et al., 2003). Reading errors of 
typically developing children learning to read a transparent orthography show a 
strategy of alphabetic processing with attempts to decode the word, resulting in 
a very few no-responses and a high proportion of nonword substitutions (Ellis 
et al., 2004; Millor Guron & Lundberg, 2004; Seymour et al., 2003). Interestingly, 
reading errors of beginning readers of a transparent orthography are related to 
the degree of consistency in grapheme-phoneme correspondences (GPCs): 
fewer errors are made in words with simple letter-sound conversions than in 
words that involve letter-sound conversions that are context-dependent (Barca, 
Ellis, & Burani, 2007; Cossu, Gugliotta, & Marshall, 1996; Goikoetxea, 2006).  
One aspect of reading errors that has been neglected until now is their 
instability, that is, how often words are read incorrectly on one occasion and 
correctly on another. Most theories of reading do not address this issue (but see 
e.g., Farrar & Van Orden, 2001 for a model that predicts reading errors), and 
empirical research is very scarce. To investigate possible differences in reading 
errors and error instability for words that involve only context-free GPC rules 
versus words that also involve conversions that are not directly governed by 
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phonological principles, we will focus on Dutch bisyllabic words with a 
phonological CVC(C)VC structure. More than half of these words involve the 
application of context-sensitive spelling rules that involve consonant 
gemination or vowel degemination (see Nunn, 1998).  
The spelling rule of consonant gemination is similar to the English 
principle of maintaining phonological integrity of a short vowel phoneme by 
doubling the final consonant of a one-syllable word when inflectional 
morphemes containing a schwa are added. For example, the short vowel 
phoneme in strip is maintained in stripped by geminating the consonant letter 
p, whereas the long vowel in striped is expressed by the single consonant letter p 
(e.g, scrap, scrapped vs. scraped). Likewise, in Dutch the contrast between long 
and short vowel phonemes in open syllables7 is expressed by single and double 
consonant letters. For example, for the singular noun bel [bell], the short vowel 
phoneme in the closed syllable is represented by a single vowel letter. If bel is 
pluralized, by adding the suffix –en to the singular, the single consonant is 
geminated to maintain the short vowel phoneme in the open syllable (bel + en 
 bellen [bells]). A complicating factor now is that in a closed syllable a long 
vowel phoneme is represented by a vowel geminate (e.g., naam [name]), but 
after adding the morpheme –en, the vowel letter is degeminated, even though 
the vowel phoneme remains long in the open syllable (naam + en  namen 
[names]).8  
These spelling rules can be applied almost without exceptions, but 
Verhoeven, Schreuder, and Baayen (2006) showed that their application in 
reading complicates word identification for third and sixth graders and even 
adults. Interestingly, vowel degemination (naam – namen) has a larger negative 
effect than consonant gemination (bel – bellen), especially in low-frequency 
words. According to Verhoeven et al., frequent full forms are stored in the 
mental lexicon, rather than processed on-line by the reversed application of 
spelling rules (see also Baayen, Dijkstra, and Schreuder, 1997).  
However, Verhoeven et al. did not take into account that more than a 
quarter (28%) of the CVC(C)VC words that involve context-sensitive spelling 
rules may be complicated by the existence of a lexical competitor: some forms 
with geminated consonants (bom + en  bommen [bombs]) have an 
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orthographic look-alike with a degeminated vowel (boom + en  bomen 
[trees]). The orthographic look-alike bommen may function as a competitor 
when reading bomen and vice versa. The words with a mutual competitor in 
our study encompass not only plural nouns, but also infinitives, 
monomorphemic nouns, and inflected adjectives (see Appendix C). The present 
study extends Verhoeven et al.’s research on context-sensitive spelling rules by 
investigating error instability for the full spectrum of Dutch CVC(C)VC words, 
especially the complexity of context-sensitive spelling rules for words that have 
a competitor.  
The conditions under which readers make unstable reading errors may 
give indications about the underlying reading processes. In terms of the Dual 
Route Cascaded model (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) 
words can be identified by visual access and by using conversion rules. We 
speculate that if errors are persistent, children apply incorrect conversion rules 
to words that are not lexicalized; this leads to ‘rule-governed’ errors. In contrast, 
when errors are unstable, we speculate reading to be rather automatic and 
attentionless, and that random behavior underlies the errors to a greater extent. 
With increasing reading experience, an increasing number of items will be 
identified via direct retrieval from the visual mental lexicon. We therefore 
expect that second graders make more stable reading errors than third graders, 
because they do not yet master the relevant rules as well as third graders. If the 
reading of poor readers is as unstable as that of typical readers, however, we 
must conclude that they do not differ in their reading processes.  
In the present study we also investigate whether word characteristics 
influence error instability. First of all, word frequency is examined because it 
affects lexicalization (e.g., Murray & Forster, 2004; Rastle, 2007). We investigate, 
moreover, whether the interaction of word frequency with the presence of a 
context-sensitive spelling rule, as reported by Verhoeven et al., is also observed 
for error instability. Second, a growing body of research on languages with a 
relatively transparent orthography suggests a detrimental effect of word length 
for poor readers (see for example Martens and de Jong, 2006; Marinus and de 
Jong, 2010). This raises the question whether the degree of error instability is 
related to word length, perhaps differently in poor and typical readers. Third, 
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facilitative effects of sublexical word characteristics for adult word recognition 
such as bigram frequency have been reported by, among others, Arduino and 
Burani (2004), Balota, Yap, and Cortese (2006), and Gernsbacher (1984). Bigram 
frequency correlates with neighborhood characteristics: words with a high 
bigram frequency usually not only have many neighbors, but also more high-
frequency neighbors (Frauenfelder, Baayen, Hellwig, & Schreuder, 1993; 
Landauer & Streeter, 1973). In our study, we take into account the number as 
well as the frequency of orthographic neighbors. An orthographic neighbor of a 
given word is a word that can be formed from that word by changing one letter. 
Our main questions thus are: To what extent do context-sensitive 
spelling rules of vowel degemination and consonant gemination affect error 
instability of CVC(C)VC words in typically developing readers from second- and 
third grade, and poor readers that are reading-level matched? For words that 
involve context-sensitive spelling rules, are reading errors in words that have a 
competitor characterized as more unstable than in words that do not have a 
competitor? Do word characteristics like frequency, bigram frequency, length, 
number and frequency of orthographic neighbors influence the instability of 
reading errors?  
 
 
Method 
Participants 
The reading and spelling of words involving context-sensitive spelling 
rules is taught halfway through Grade 2. To study children acquiring reading 
these words, typical readers from second (TR2) and third grade (TR3) were 
selected from five regular primary schools. Furthermore, poor readers that were 
matched to the reading level of typically developing second graders (PR2) and 
third graders (PR3) were selected from the same five regular primary schools 
and two special schools for primary education (Eurybase, 2008). Students are in 
special education because of their learning disabilities, mild mental retardation 
or mild behavioral problems. The majority of these students (73%) are poor 
readers (van Bon, Bouwmans, & Broeders, 2006). Students who were diagnosed 
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with mental retardation or behavioral problems were excluded from 
participation. All participants had Dutch as their first language. Neither the 
manner in which the schools were selected nor incidental information on the 
individual schools suggested that the samples were biased by their 
socioeconomic background. Formal reading instruction in these and other 
Dutch primary schools is based on phonics instruction and starts in Grade 1. 
We carried out a paper-and-pencil Lexical Decision Test (LDT) to 
sample participants. In the regular schools, all students in Grades 2 through 5 (n 
= 402) were asked to complete the LDT, in the special schools all Grade 3 
through 6 students (n = 105). Students scoring above the 25th percentile for 
their grade level on the LDT were considered typical readers. In regular 
education, 44 typical readers in Grade 2, and 44 typical readers in Grade 3 were 
randomly selected. Next, poor readers from regular education were selected if 
(a) they scored below the 25th percentile for their grade level on the LDT, (2) 
their LDT reading scores matched those of the typical readers, and (c) if they 
had received at least one more year of formal reading instruction than the 
typical readers they were matched to. In this way, 18 poor readers were 
allocated to PR2 and 20 poor readers to PR3. Next, according to the same 
selection criteria poor readers in the special schools were selected for 
participation: 31 were allocated to PR2 and 23 to PR3. For descriptive statistics 
of the participants see Table 1.  
To verify whether PR2 matched TR2 and PR3 matched TR3, selected 
participants additionally completed a Word Decoding Test (WDT). A 
multivariate analysis of variance, with the reading scores of the students on the 
LDT and WDT as the dependent variables and Reading level (grade 2 vs. grade 
3) and Reading group (typical vs. poor) as factors (see Table 1), showed a main 
effect of Reading level (F(2, 175) = 114.23, p < .001, ηp2 = .57), but no effect of 
Reading group (F < 1) and no significant interaction of Reading level by Reading 
group (F (2, 175) = 1.42, p > .05, ηp2 = .02). It can thus be concluded that the 
poor readers’ reading of the bisyllabic words matched that of the typical 
readers.  
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Table 1 Descriptive Information for Four Groups of Readers with Respect to 
Gender, Age, Months of Reading Instruction (RI), Paper-and-Pencil Lexical 
Decision Test (LDT, Words Judged Correctly per Minute) and Word Decoding Test 
(WDT, Words Read Correctly per Minute). Standard Deviations are given in 
Parentheses. 
 Reader Groups 
 TR2 (n = 44) PR2 (n = 49) TR3 (n = 44) PR3 (n = 43) 
Gender (girls;boys) 24;23 14;26 21;25 13;32 
Age rangea  7;3    -  8;8 8;6    -  13;8 8;2    -  9;7 9;7    -  13;4 
Agea 7;10 (0;4) 10;2  (1;1) 8;11  (0;4) 11;0  (0;11) 
RI 14 (0) 36 (11) 24 (0) 45 (10) 
LDT 29.9 (7.7) 28.8 (8.6) 47.3 (8.8) 47.0 (7.8) 
WDT 33.8 (10.6) 33.5 (13.5) 58.9 (14.3) 53.8 (13.5) 
a Age is given in years; months. 
Note. TR2 = Typical Readers in Grade 2, TR3 = Typical Readers in Grade 3, PR2 = Poor readers 
matched to the reading level of TR2, PR3 = Poor Readers matched to the reading level of TR3. 
 
 
Materials 
Reading Tests 
Lexical Decision Test (LDT). The students completed a standardized 
paper-and-pencil lexical decision test, the ‘Doorstreepleestoets’ (van Bon, 2007). 
The LDT involves a card with 90 bisyllabic nouns and 30 bisyllabic pseudowords 
randomly distributed over four columns. Students silently read the items and 
crossed out every pseudoword. The raw score is the number of words judged 
within a minute minus the number of errors. Test–retest reliability for Grades 1 
to 3 is .82 (van Bon, 2007; van Bon, Hoevenaars, & Jongeneelen, 2004). 
 
Word Decoding Test (WDT).  A standardized Word Reading Test, the 
‘Drie-Minuten-Toets’ [Three One-Minute Tests] (Verhoeven, 1995) was 
administered to assess the oral reading abilities for words presented in isolation. 
This test consists of a card with two-, three-, and four-syllable words listed in 
columns. The raw score is the number of words read correctly in one minute. 
Cronbach’s α for this test is .92 (Verhoeven & van Leeuwe, 2003).  
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Computer Reading Task 
Stimuli for the computer reading task.  Words with a phonological 
CV(C)CVC structure were selected from the Celex Database (Baayen, 
Piepenbrock, & van Rijn, 1993). The selected words were lemmas and word 
forms that can occur independently in a language (i.e., singular and plural 
nouns, verbs, adjectives, adverbs, and numbers). Proper names and words with a 
non-Dutch orthography or phonology were eliminated. From the initial 5140 
unique words (4631 lemmas and 1229 words forms9), 4301 constituted the final 
set. The words in this final set were classified into seven categories according to 
their orthographic characteristics. Context-sensitive spelling rules apply to 
words in the first four categories, whereas words of the other categories can be 
read by straightforward application of GPC rules. The seven categories are: 
(1) Degemination of the first vowel (bomen [trees, to dispute aimlessly]), with 
a competitor (see 2).  
(2) Consonant gemination at the syllable boundary (bommen [bombs, to 
bomb]), with a competitor (see 1).  
(3) Degemination of the first vowel (namen [names]), without a competitor. 
(4) Consonant gemination at the syllable boundary (bellen [bells, to ring]), 
without a competitor. 
(5) Two different consonants at the syllable boundary (kasten [cupboards]). 
(6) A vowel digraph in the first vowel position (houding [position]). 
(7) Remaining: words not belonging to any of the above mentioned 
categories (handdoek [towel]).  
  
The following characteristics of interest were determined for each word: 
1) frequency (coded as the natural logarithm of its frequency per million using 
the Celex Database), 2) word length (number of letters), 3) bigram frequency, 4) 
number of orthographic neighbors, and 5) frequency of the most frequent 
orthographic neighbor. Table 2 provides a description of these word 
characteristics  
 
Sampling from the word set.  To avoid item-specific results, two samples 
of 300 words each were constructed, that were randomly distributed across the 
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participants. Each sample consisted of two parts. (A) 150 Words were randomly 
drawn from the 4301 words in the final set. Sampling chance was proportional 
to a word’s token frequency. Thus, the higher the frequency of occurrence of a 
word, the higher its possibility of being selected. (B) To specifically investigate 
the reading of words involving context-sensitive spelling rules, a consonant 
cluster, or a vowel digraph, 25 words were randomly drawn from each of the 
first six word categories, again proportional to a word’s token frequency. The 
selected words can be found in Appendix C. 
 
Administration of the computer reading task.  The target words were 
presented one at a time in lower case letters (Arial, size 46) on a white 
background in the center of a 14” screen. The letters strings had a height of 
approximately 1.5 cm and ranged from 6.5 cm in length (words with five letters) 
to 12 cm (words with nine letters). The student was seated approximately 50 
cm from the computer screen. A microphone was positioned in front of the 
student. Each item was preceded by the presentation of a fixation cross (a +) in 
the center of the screen for 750 ms. The word disappeared automatically as 
soon as the student began to speak. Participants were instructed to name the 
word on the screen as quickly and as accurately as possible. All responses that 
did not correspond to the correct pronunciation of a word were considered 
errors. If participants corrected themselves, the response was not considered an 
error. If a participant did not respond within 10 seconds, the response was 
considered incorrect and the exposure was terminated. No feedback was given. 
The task was administered twice. The same word sample was used on 
both occasions but the words were presented in a different random order. Each 
testing occasion started with a practice block of 20 non-target bisyllabic words.  
 
Next, the 300 target words were presented in five blocks, each followed 
by a short break.  
Trials were coded as invalid if, for example, the student was distracted 
by someone entering the room. The percentage of invalid trials was 0.7% for 
PR2, 0.3% for PR3, 0.6% for TR2, and 0.3% for TR3.  
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 Procedure 
The WDT and the computer reading task were administered on the first 
day of testing. One to three days later, the computer reading task was 
administered a second time 
 
 
Results 
Data Analyses 
To examine error instability within the broader framework of reading 
accuracy, we first compare the stability of reading scores. Next, we explore error 
instability for subjects and items separately. Error instability and accuracy may 
be predicted by relevant word characteristics. In the last section, error instability 
and reading accuracy are analyzed for each CVC(C)VC word category, and we 
focus on possible interactions of context-sensitive spelling rules with the 
presence of a competitor and word frequency.  
To measure error instability, we used the Instability Score (IS) as a 
measure that corrects the number of instabilities found for a student or a word 
for its theoretical maximum (Appendix B). The amount of error instability is – 
almost inevitably – related to the number of errors: in case of only errors, or of 
no errors at all, there can be no instability. Maximum instability can be obtained 
if a student’s score or a word’s difficulty is 50%. IS, which can be calculated for 
subjects (ISsubj) and items (ISitem), can vary from 0 to 1. The score 0 will be 
interpreted as maximally stable, and 1 as maximally unstable. The ISsubj could 
not be calculated for one student in TR3 who made no errors. Similarly, the 
ISitem could not be calculated for several items, because the items were not read 
erroneously by any student (TR2: n = 34; TR3: n = 156; PR2: n = 15; PR3: n = 
106). The ISitem could also not be calculated for items that were not read 
correctly twice by any student (TR2: n = 2; PR2: n = 2) or misread on only one 
occasion. Items without an ISitem for the latter reason were classified as 
maximally unstable (TR2: n = 69; TR3: n = 108; PR1: n = 45; PR3: n = 111). 
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Stability of Reading Scores 
The percentages correct for the two administrations of the computer 
reading task were calculated. Table 3 shows the mean percentages correct at 
Time 1 and Time 2. 
 
 
Table 3 Mean Reading Accuracy per Reading Group on the Computer Reading 
Task (SD in Parentheses), at Time 1 and Time 2. 
Reading Group Mean Percentage Correct 
 Time 1 Time 2 
   TR2 80.45  (8.38) 82.46 (8.16) 
   TR3 92.59  (5.43) 93.79  (5.17) 
   PR2 80.77  (11.60) 82.32  (12.05) 
   PR3 90.26  (5.94) 91.16  (5.48) 
Note. TR2 = Typical Readers in Grade 2, TR3 = Typical Readers in Grade 3, PR2 = Poor readers 
matched to the reading level of TR2, PR3 = Poor Readers matched to the reading level of TR3. 
 
 
We used a repeated measures analysis of variance to examine 
differences in accuracy. Accuracy data (percentage correct) met distributional 
quality and was the dependent variable, Time (first vs. second administration) 
was a within-subjects factor, and Reading level (grade 2 vs. grade 3) and Reading 
group (typical vs. poor reader) were between-subjects factors. The results 
showed main effects of Time (F(1, 176) = 62.43, p < .001, ηp2 = .26) and Reading 
level (F(1, 176) = 71.96, p < .001, ηp2 = .29), but no main effect of Reading group 
(F < 1). The interaction of Time by Reading level was significant (F(1, 176) = 
4.10, p < .05, ηp2 = .02), but no other interactions were significant (Time by 
Reading group: F(1, 176) = 1.12, p > .05, ηp2 = .01; Time by Reading level by 
Reading group: F < 1). These results show that all groups improve from the first 
to the second administration (at Time 2 accuracy is about 1% higher than at 
Time 1) and that Reading level 2 readers improve more than the Reading level 3 
readers.  
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Instability of Reading Errors 
Subject Analyses 
Table 4 presents the mean ISsubj for each reading group. To determine 
whether ISsubj deviates from maximally stable (0) or maximally unstable (1), one-
sample t-tests were conducted. For all reading groups, the ISsubj deviates 
significantly from both 0 and 1 (ps < .001): The reading errors were neither 
completely stable nor completely unstable. 
 
 
Table 4 Percentages of Words Read Correctly and Incorrectly at Time 1 and 2, 
Means and SDs for Instability Scores Summed across Items (ISsubj) or across 
Subjects (ISitem).  
Reading 
Group 
Stable reading Unstable reading  ISsubj ISitem 
 Twice 
correct 
Twice 
incorrect 
Incorrect - 
correct 
Correct - 
incorrect 
 M SD M SD 
   TR2 73.5 10.6 8.9 6.9  .40 .10 .44 .34 
   TR3 89.7 3.3 4.1 2.9  .54 .22 .43 .38 
   PR2 73.3 10.3 9.0 7.4  .44 .12 .43 .32 
   PR3 86.0 4.6 5.1 4.2  .52 .19 .50 .39 
Note. TR2 = Typical Readers in Grade 2, TR3 = Typical Readers in Grade 3, PR2 = Poor readers 
matched to the reading level of TR2, PR3 = Poor Readers matched to the reading level of TR3. 
 
 
An analysis of variance with ISsubj as the dependent variable and Reading 
level (grade 2 vs. grade 3) and Reading group (typical vs. poor) as between-
subjects factors showed no significant interaction of Reading level by Reading 
group (F (1, 175) = 1.53, p > .05, ηp2 = .01) and no main effect of Reading group 
(F < 1, ηp2 < .01). Apparently, the amount of error instability of typical readers 
does not differ from the poor readers. The main effect of Reading level (F(1, 175) 
= 19.05, p < .001, ηp2 = .10) shows that the reading errors of grade 3 readers are 
less stable than those of grade 2 readers.  
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In sum, the reading errors were not completely unstable, nor completely 
stable. Typical readers did not differ from reading-level matched poor readers in 
instability. The reading errors of the grade 3 readers, however, were less stable 
than those of the grade 2 readers.  
 
Item Analyses 
Table 4 presents ISitem and the percentages of words read correctly and 
incorrectly on the two occasions. The unstable responses vary from 7.0% for 
TR3, to 16.4% for PR2. Linear regression analyses were conducted to determine 
which of the word characteristics (frequency, length, bigram frequency, 
neighborhood size, and frequency of the most frequent neighbor) affect the 
occurrence and the instability of reading errors. Given considerable collinearity 
in the predictor variables (the condition number was too high (117) according 
to Belsley, 1991), entry of all the variables into the regression analyses would 
affect the estimates of the coefficients and their variances in the linear models 
(Chatterjee, Hadi, & Price, 2000). To avoid collinearity, we regressed length, 
bigram frequency, neighborhood size, and frequency of the most frequent 
neighbor on word frequency. The original variables were replaced by their 
residualised ones (henceforth Length residuals, Bigram residuals, Neighborhood 
size residuals and Neighbor frequency residuals). These residuals now were 
uncorrelated with word frequency, but still highly correlated with their original 
raw scores. No collinearity was found among the replaced predictors: The 
condition index was low (5), and tolerance and the variance inflation factor 
were acceptable (respectively >. 40 and < 2.5; see Allison, 1999).  
Hierarchical linear regression analyses were conducted for each reading 
group separately, with ISitem as the dependent variable. In the first step, 
Frequency and Length residuals were entered together as predictor variables, 
Bigram residuals in the second step, and Neighborhood size residuals and 
Neighbor frequency residuals in the third step. Regression models were 
significant for PR3, TR2 and TR3, but instability was explained to a limited 
degree only (adjusted R2 varying up to .05). Frequency was the strongest 
predictor. The higher a word’s frequency, the higher the instability of the 
reading errors. For PR3 and TR2, Frequency was followed by Length residuals: 
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the longer a word, the higher the instability of the reading errors. For TR3, error 
instability was negatively predicted by Bigram residuals (the higher bigram 
frequency, the more stable the reading errors). 
Next, we determined whether word characteristics affect reading 
accuracy. Because the accuracy scores did not meet distributional criteria, data 
were transformed with the inverse trigonometric function arcsine. Hierarchical 
regression analyses were conducted for each reading group, with the 
transformed percentage correct per item as the dependent variable. Accuracy 
could be predicted varying from .21 to .23 (adjusted R2). In all groups, Frequency 
was the strongest predictor of accuracy, followed by a negative effect of Bigram 
residuals, and a positive effect of Length residuals (see Table 5).  
 
Table 5 Regression Analyses of Instability Score (ISitem) and Mean Percent Correct 
(Arcsine Transformed) Predicted by Word Characteristics. 
 Standardized regression coefficients (β) 
 ISitem  Accuracy 
Reading Group 
   Predictors 
Model 
1 
Model 
2 
Model 
3 
Model 
1 
Model 
2 
Model 
3 
TR2       
   Frequency  .16***  .16***  .16***  .32***  .32***  .32*** 
   Length residuals  .10*  .10  .12*  .26***  .20***  .24*** 
   Bigram residuals  -.03 -.08  -.21*** -.27*** 
   Neighborhoodsize residuals   -.01    .05 
   Neighbor frequency residuals      .11    .08 
R2 change  .03***  .00  .01  .17***  .04***  .01 
TR3       
   Frequency  .12*  .12* .12*  .33***  .33***  .33*** 
   Length residuals  .08  .04  .05  .24***  .17***  .18*** 
   Bigram residuals  -.13* -.14  -.23*** -.25*** 
   Neighborhoodsize residuals    .04    .00 
   Neighbor frequency residuals     -.12    .03 
R2 change  .02*  .02* .00  .17***  .05***  .00 
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PR2       
   Frequency  .09  .09  .09  .36***  .36***  .36*** 
   Length residuals  .02  .01  .06  .25***  .19***  .25*** 
   Bigram residuals  -.04 -.11  -.20*** -.27*** 
   Neighborhoodsize residuals    .08    .10 
   Neighbor frequency residuals      .07    .08 
R2 change  .01 .00  .01  .19***  .04***  .01* 
PR3       
   Frequency  .15**  .15**  .15**  .32***  .32***  .32*** 
   Length residuals  .18**  .15**  .18**  .26***  .19***  .18*** 
   Bigram residuals    -.11  -.23*** -.24*** 
   Neighborhoodsize residuals     .08   -.07 
   Neighbor frequency residuals      -.02    .08 
R2 change  .05***  .01  .00  .17***  .05***  .00 
Note. TR2 = Typical Readers in Grade 2, TR3 = Typical Readers in Grade 3, PR2 = Poor readers 
matched to the reading level of TR2, PR3 = Poor Readers matched to the reading level of TR3. 
 
 
Context-sensitive spelling rules 
First, we explore words that can be read by straightforward application 
of grapheme-phoneme correspondence rules. Thereafter, we investigate words 
that involve the application of context-sensitive spelling rules. Table 6 presents 
the accuracy scores and error instability for each word category. 
 
Words that involve grapheme-phoneme correspondences only 
A univariate analysis of variance was conducted, with ISitem as the 
dependent variable, and Word category (consonant cluster vs. vowel digraph vs. 
remaining) as a between-items factor, Reading level (grade 1 vs. grade 2) and 
Reading group (typical vs. poor) as a between-subjects factor. A main effect was 
found for Grade (F (1, 704) = 26.95, p < .001, ηp2 = .04), and a marginal effect for 
Word category (F (2, 704) = 2.81, p = .061, ηp2 = .01) and none for Reading group 
(F < 1)). An interaction was found for Reading level by Reading group (F (1, 704) 
= 6.46, p < .05, ηp2 = .01), a marginally significant interaction for Word category 
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by Reading group (F (2, 704) = 2.88, p = .058, ηp2 = .01), and no other 
interactions. Further examination of these interaction effects shows that PR2’s 
reading errors in the word category with a vowel digraph are more unstable 
than the word category remaining (p < .01). No other differences were found.  
Next, a similar analysis was conducted, now with reading accuracy 
(arcsine transformed) as the dependent variable. Main effects were found for 
Word category (F (2, 904) = 18.50, p < .001, ηp2 = .04), Reading level (F (1, 904) = 
264.67, p < .001, ηp2 = .23), and Reading group (F (1, 904) = 9.39, p < .01, ηp2 = 
.01). No significant interactions were found. Further examination of these 
interaction effects shows that PR2 and TR2 made more errors in the word 
category with a vowel digraph than in the word category with a consonant 
cluster (ps < .01). No other specific differences were found.  
 
Words that involve context-sensitive spelling rules 
To investigate possible interactions of context-sensitive spelling rule 
with the presence of a competitor and with word frequency, two univariate 
analyses, on ISitem and on reading accuracy, are reported. Frequency was 
dichotomized based on the median split.  
In the first analysis, ISitem was the dependent variable and Reading level 
(grade 1 vs. grade 2) and Reading group (typical vs. poor) between-subjects 
factors. Within-subjects factors were Spelling rule (vowel degemination vs. 
consonants gemination), Competitor (competitor vs. no competitor), and 
Frequency (low vs. high). Main effects were found for Reading level (F (1, 737) = 
23.01, p < .001, ηp2 = .03), Spelling rule (F (1, 737) = 13.23, p < .001, ηp2 = .02), 
Competitor (F (1, 737) = 36.92, p < .001, ηp2 = .05), and Frequency (F (1, 737) = 
10.85, p < .01, ηp2 = .02), but not for Reading group (F < 1). These main effects 
confirm previous results on ISsubj: poor readers do not differ from typical readers 
in error instability, and grade 3 readers make more unstable errors than grade 2 
readers. Errors in words with vowel degemination were more stable than in 
words with consonant gemination, errors in words with a competitor were 
more stable than in words without a competitor, and errors in low-frequency 
words were more stable than errors in high-frequency words.  
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Second order interactions were found for Reading group by Spelling rule 
(F (1, 737) = 3.86, p < .05, ηp2 = .01), indicating that consonant gemination does 
not affect error instability differentially among poor and typical readers, 
whereas vowel degemination leads to more unstable errors in poor readers than 
in typical readers. The interaction of Reading level by Competitor (F (1, 737) = 
8.48, p < .01, ηp2 = .01) indicates that grade 3 readers make more unstable errors 
in words without a competitor than grade 2 readers. This difference between 
grade 2 and grade 3 readers does not hold for words with a competitor, and 
both grade 2 and grade 3 readers make rather stable errors in these words. This 
suggests that reading errors in words with a competitor continue to be rather 
stable, as opposed to words without a competitor that are read more unstably 
by grade 3 readers than by grade 2 readers.  
Three third order interactions were found. First, the interaction of 
Spelling rule by Competitor by Frequency (F (1, 737) = 5.01, p < .05, ηp2 = .01) is 
illustrated in Figure 1. The most salient finding for this interaction is that errors 
in high-frequency words that involve vowel degemination and that have a 
competitor, are rather stable compared to the other word categories (ps < .05). 
This effect is enlarged in the low-frequency domain (p < .001). 
Next, the third order interaction of Reading level by Spelling rule and 
Competitor (F (1, 737) = 7.12, p < .01, ηp2 = .01) is illustrated in Figure 2. 
Comparing the error instability of readers from Reading level 2 to Reading level 
3, shows that grade 3 readers make more unstable errors than grade 2 readers 
concerning all word categories (ps < .05), except, remarkably, for words that 
involve vowel degemination and that have a competitor (F (1, 184) = 1.85, p > 
.05, ηp2 < .01). Thus, errors in these words continue to be remarkably stable 
throughout grade level 2 and 3, as opposed to the reading errors in other word 
categories that increase in error instability from grade level 2 to 3. 
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Figure 1 Mean Instability Score for Low-frequency and High-frequency Words 
Involving Context-Sensitive Spelling Rules.  
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Figure 2 Mean Instability Score for Readers at Grade Level 2 and Grade Level 3 
of Words Involving Context-Sensitive Spelling Rules.  
 
 
Last, a marginally significant effect of Reading group by Spelling rule by 
Frequency (F (1, 737) = 3.65, p = .57, ηp2 = .01) was found, which is illustrated in 
Figure 3. Most notable of this interaction effect is that, for typical readers, only 
in low-frequency words error instability is higher for words that involve 
consonant gemination than words that involve vowel degemination (F (1, 317) 
= 4.90, p < .05). Poor readers, however, make more unstable errors in words that 
involve consonant gemination than words that involve vowel degemination, in 
the low-frequency domain (F (1, 245) = 12.40, p < .01) and the high-frequency 
domain (F (1, 315 = 8.97, p < .01). 
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Figure 3 Mean Instability Score for Poor Readers and Typical Readers of Low-
Frequency (LF) and High-Frequency (HF) Words Involving Context-Sensitive 
Spelling Rules.  
 
 
 In the second analysis, with arcsine transformed reading accuracy as the 
dependent variable, all main effects were significant: Reading level (F (1, 848) = 
165.93, p < .001, ηp2 = .16), Reading group (F (1, 848) = 5.32, p < .05, ηp2 = .01), 
Spelling rule (F (1, 848) = 72.53, p < .001, ηp2 = .08), Competitor (F (1, 848) = 
203.84, p < .001, ηp2 = .19) and Frequency (F (1, 848) = 124.24, p < .001, ηp2 = .13). 
These effects indicate that, as can be expected, Reading level 2 readers are less 
accurate than Reading level 3 readers, and poor readers are less accurate than 
typical readers. With respect to word categories, it appears that words that 
involve vowel degemination are read less accurately than words that involve 
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consonant gemination, that words with a competitor are read less accurately 
than words that have no competitor, and that low-frequency words are read 
less accurately than high-frequency words.  
Two interesting second-order interactions were found: Spelling rule by 
Frequency (F (1, 848) = 10.96, p < .001, ηp2 = .01), and Competitor by Frequency 
(F (1, 848) = 7.53, p < .01, ηp2 = .01). These interactions can be explained by an 
underlying third order interaction of Spelling rule by Competitor by Frequency 
(F (1, 848) = 9.66, p < .01, ηp2 = .01), which is illustrated in Figure 4.  
 
Figure 4 Mean Percent Correct for Low-frequency and High-frequency Words 
Involving Context-Sensitive Spelling Rules.  
 
This interaction denotes that low accuracy scores were found for high-
frequency words that involve vowel degemination and that have a competitor, 
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compared to the word categories that do not have a competitor (ps < .001). 
This effect is magnified in the low-frequency domain compared to all other 
word categories (ps < .001). No other third order interactions were found.  
 
 
Discussion 
 We investigated the instability of reading errors in typically developing 
second and third graders (TR2 and TR3, respectively) and poor readers that 
were reading-level matched (PR2 and PR3, respectively) using Dutch CVC(C)VC 
words. The majority of these words not only involve context-free grapheme-
phoneme conversion rules, but also the context-sensitive spelling rules vowel 
degemination or consonant gemination. We investigated whether these spelling 
rules affect error instability, as well as the interaction of such effect with that of 
a competitor (e.g., boom, bomen [tree, trees] vs. bom, bommen [bomb, bombs]). 
 In general, the present study replicates findings of Chapter 2 on CVC 
words. The Instability Score, which corrects for the number of errors, shows 
student’s errors to be not completely stable or unstable. Errors of the poor 
readers do not differ in their instability from the typical readers. The reading 
behavior of the poor readers does not stand out by a larger random 
component. Furthermore, as reading competence increases, overall error 
instability increases; random behavior is a relatively greater cause for making 
errors at grade level 3 than at grade level 2. Error instability for CVC(C)VC 
words (ranging from .40 to .54) appears to be lower than for CVC words 
(ranging from .59 to .82). The error instability of CVC words is comparable to 
those CVC(C)VC words that can be read by straightforward application of 
GPCs. However, error instability varies as a function of the complexity of rules 
that need to be applied, which will be discussed below. This indicates that error 
instability is related to the degree of consistency in correspondence rules in a 
similar way as reading errors are (Barca et al., 2007; Cossu et al., 1996; 
Goikoetxea, 2006).  
Overall reading accuracy for CVC(C)VC words was high, which is in line 
with the accuracy scores of polysyllabic words reported for a speeded reading 
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task by Verhoeven and van Leeuwe (2009). Our study also confirms the finding 
of Verhoeven et al. (2006) that context-sensitive spelling rules complicate word 
identification, and that words involving vowel degemination are read less 
accurately than words involving consonant gemination. Identifying words that 
have a competitor seems to be particularly difficult.  
Most importantly, however, by studying error instability, we observed 
interesting effects that would not have been discovered if we had only 
examined reading accuracy. First of all, even though poor readers do not make 
more errors in words involving vowel degemination than typical readers, their 
reading errors in these words are more stable than the reading errors of typical 
readers. This persistency in error making suggests a disadvantage for poor 
readers in identifying these words. Moreover, whereas the typical readers seem 
to keep stumbling only over the words that involve vowel degemination in the 
low-frequency domain, the errors of poor readers are characterized as rather 
stable both in the low-frequency and the high-frequency domain. While typical 
readers are able to automatize their reading of words involving vowel 
degemination if they frequently encounter the word, poor readers seem to fail 
to do so. Second, — as expected — readers at grade level 3 show a higher 
reading accuracy for words involving context-sensitive spelling rules than 
readers at grade level 2. In line with this, errors of readers at grade level 3 are 
more unstable than errors of readers at grade level 2, except for words that 
involve vowel degemination and that also have a competitor. Thus, even 
though reading accuracy increases, errors in these words continue to be rather 
persistent. Given the low accuracy scores in words that involve context-
sensitive spelling rules and in particular vowel degemination, our study suggests 
that students do not primarily read these words by the reversed application of 
spelling rules (bomen  boom + en, bommen  bom + en). Evidently, the 
reverse application of the vowel degemination rule is more difficult, and leads 
to more stable errors, than the consonant gemination rule. What causes this 
effect? Does vowel degemination apply less often than consonant gemination, 
and students may not have generalized their knowledge about vowel 
degemination as well as consonant gemination (cf. Kemp & Bryant, 2003)? This, 
however, is an unlikely cause, as vowel degemination and consonant 
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gemination are approximately evenly distributed among CVC(C)VC words, 
both in token counts (44.3% and 55.7%) and type counts (49.3% and 50.7%). 
Landerl and Reitsma (2005) offer the better explanation, that vowel 
degemination alters the visual characteristics of a word more than consonant 
gemination, and that it is morphological inconsistency that students have 
difficulty with: Students often judged bomen [trees] to be the plural noun of 
bom [bomb], whereas they judged boomen to be the plural noun of boom [tree] 
(see also Hilte & Reitsma, 2011). For reading this implies that if students 
encounter the word bomen, it is easily misread as bommen. Future research may 
clarify the effect of morphological inconsistency on reading accuracy and error 
instability by comparing monomorphemic words that involve vowel 
degemination (e.g. vogel [bird], molen [mill], boter [butter] to complex words 
that are morphologically inconsistent with their word stem (loop –lopen [walk, 
to walk], raam – ramen [window, windows] 10). This, however, would be beyond 
the scope of the current study.  
 The instability of reading errors was predicted to some extent by the 
word’s lexical and sublexical characteristics for all but the least competent 
readers (PR2). Word frequency was an important predictor of error instability: 
the higher a word’s frequency, the higher error instability. With respect to 
length, the longer a word, the higher the instability of the reading errors. 
Probably, here the effect of context-sensitive spelling rules plays a role, because 
the shortest words in general are those words that involve the application of 
vowel degemination, which is characterized by rather stable reading errors and 
low accuracy scores. Bigram frequency only predicts error instability for the 
most competent readers (TR3): the higher bigram frequency, the more stable 
the reading errors. This might be explained by the effect of context-spelling 
rules as well. Words in our materials that are characterized by high error 
stability and low accuracy scores are especially words that involve vowel 
degemination and that also have a competitor. Exactly these words have a high 
bigram frequency. Finally, neighbors do not affect error instability for 
CVC(C)VC words, except for one type of neighbor: a competitor. Kusters (1987) 
suggested that students check the outcome of their readings by mentally 
spelling the word they just read. If the mental and the visual spelling are not 
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identical, students may correct their reading. Doing so, for words that involve 
vowel degemination and that have a competitor, students may fail to notice 
their reading error because the erroneous mental spelling of their misreading 
will be equal to the erroneous spelling of the competitor: bomen read as 
bommen, and bommen (mentally) respelled as bomen. Thus, for words with 
vowel degemination that have a competitor, this special case of neighborhood 
characteristics leads to many and rather persistent errors due to a feedback 
loop that possibly does not function well.  
To our knowledge, there are no theoretical models that explain or 
predict error instability as an aspect of reading ability, either explicitly or 
implicitly. Models describing word identification as Parallel Distributed 
Processing (Plaut, McClelland, Seidenberg, & Patterson, 1996), and Dual Route 
(Coltheart et al., 2001) are predominantly focused on reading monosyllabic 
English words. Models proposed to account for the identification of 
multisyllabic words mostly concern English as well (Chateau & Jared, 2003; 
Kello, 2006; Perry, Ziegler, & Zorzi, 2010; Taft, 1979; 1992; Yap & Balota, 2009;). 
Our results on Dutch orthography indicate that reading is affected by the 
degree of GPCs, suggesting that different reading mechanisms may apply to 
reading transparent words and words involving complex spelling rules. 
Verhoeven et al. (2006) formulated these two reading mechanisms for complex 
words in the Extended Dual Route Cascaded Model. This model distinguishes 
two reading routes. Frequently encountered word forms are processed via the 
direct route, where the full-form representation is accessed and mapped onto 
its associated lemma node, which then activates the relevant representations 
from the semantic system. In contrast, rare or complex word forms, such as 
words involving context-sensitive spelling rules, are processed via the parsing 
route. In the parsing route, the representations of morphological units can be 
activated through a process of segmentation. It is a matter of future research 
whether this difference in reading mechanism for words involving context-
sensitive spelling rules on the one hand, and more simple ones on the other, has 
implications for the training that children should follow to enhance the 
identification of these two types of words. Indiscriminately concentrating on 
specific errors may not prove efficient for words in which many unstable 
793  INSTABILITY OF READING ERRORS IN BISYLLABIC WORDS | 
reading errors are made, namely, words that can be read by straightforward 
application of GPCs. In contrast, errors in words that involve the application of 
context-sensitive spelling rules are rather stable, especially those words that also 
have a competitor. Repeated practice on the latter words may prove efficient, 
because, to read these words correctly, the context-sensitive spelling rules need 
to be applied. To read these rather difficult words, we would advocate a 
teaching method of rule-based reading over a method that adheres to reading 
via analogy. A rule-based teaching method would be in line with teaching 
spelling as advocated by Hilte and Reitsma (2011). They showed that explicitly 
proving spelling rules during practice is supportive in learning to spell words 
involving consonant gemination and vowel degemination. 
As for psycholinguistic research in reading or spelling, our study suggests 
that if words that involve context-sensitive spelling rules are examined, 
researchers should distinguish between words that have a competitor and 
words that do not, because of their strong effects on reading accuracy and error 
instability. Our study furthermore shows that determining error instability has 
added value over just measuring — according to common practice — reading 
accuracy only and offers additional insight into underlying reading processes. 
This presents a more detailed picture of difficulties in Dutch orthography and 
orthographies with similar spelling rules. The results have implications for 
assessment as well. Test scores that assess overall reading accuracy were shown 
to be very stable over time. This indicates that test scores are reliable indicators 
of a child’s reading competence. However, item scores vary over test occasions. 
This implicates that individual word reading errors should be interpreted with 
considerable caution as performance at the item-level varies over time. A 
theoretical implication is that models to explain the ability of a reader to 
successfully read a specific word, should also account for the low reliability of 
this skill. Reading errors are far from consistent and error instability is related to 
the level of reading competence of the student. Therefore, error instability 
should be considered an indicator of the transition from incompetence to 
reading competence, and error stability is associated with an earlier phase of 
reading. This implicates that both the student’s reading level and the instability 
80 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
of his or her reading errors should be taken into consideration for exercises in 
reading.  
 
 
 Forging makes a blacksmith (German proverb) 
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Improving Word Reading Speed: 
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Training Focus on Successes or Failures 
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Abstract 
The effect of two training procedures on the development of reading speed in poor 
readers is examined. One procedure concentrates on the words the children read 
correctly (successes), the other on the words they read incorrectly (failures). 
Children were either informed or not informed about the training focus. A 
randomized controlled trial was conducted with 79 poor readers. They repeatedly 
read regularly spelled Dutch CVC words, some children their successes, others 
their failures. The training used a computerized flashcards format. The exposure 
duration of the words was varied to maintain an accuracy rate at a constant 
level. 
Reading speed improved and transferred to untrained, orthographically 
more complex words. These transfer effects were characterized by an Aptitude-
Treatment Interaction. Poor Readers with a low initial reading level improved 
reading aloud most during the training procedure focused on successes. For poor 
readers with a high initial reading level, however, it appeared to be more 
profitable for reading aloud to practice with their failures. Informing students 
about the focus of the training procedure positively affected training: The 
exposure duration needed for children informed about the focus of the procedure 
decreased more than for children who were not informed. 
This study suggests that neither of the two interventions is superior to the 
other in general. Rather, the improvement of general reading speed in a 
transparent orthography is closely related to both the children’s initial reading 
level and the type of words they practice with: common and familiar words when 
training their successes and uncommon and less familiar words with training 
their failures.  
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Introduction 
Improving the reading fluency of dyslexic and poor readers is a major 
educational goal (e.g., Report of the National Reading Panel, 2000). Reading 
fluency is a complex, multifaceted construct defined as accurate, fast and 
effortless reading with good comprehension (Hudson, Pullen, Lane, & Torgesen, 
2009; see also Kuhn, Schwanenflugel, & Meisinger, 2010). Some models that 
describe the development of word reading fluency proposed a continuous 
process that is characterized by several phases (Adams, 1990; Ehri, 1998, 1999, 
2005). Other models emphasized the increments that occur in the acquisition 
process (cf. Hinton, McClelland, & Rumelhart, 1986; Perfetti, 1992). The 
complexity of a writing system affects the development of word reading fluency: 
children learning to read an alphabetic language with a transparent 
orthography do so faster and more efficiently than children learning an opaque 
orthography such as the orthography of English (cf. Aro & Wimmer, 2003; Ellis 
et al., 2004; Seymour, Aro, & Erskine, 2003; Wimmer & Goswami, 1994). In 
addition to this, the nature of the orthography influences the types of reading 
difficulties children may experience (Caravolas, 2007): children reading opaque 
orthographies make more reading errors than children reading transparent 
orthographies (Aro & Wimmer, 2003; Frith, Wimmer, & Landerl, 1998; Patel, 
Snowling, & de Jong, 2004; Seymour et al., 2003). A prime characteristic of 
reading disorders in languages with a transparent orthography is the 
impairment in reading speed (de Jong & van der Leij, 2003; Landerl, 2001; 
Serrano & Defior, 2008). 
This study examines the development of word reading fluency in Dutch, 
an orthographically transparent orthography. We will focus on the reading of 
words with a phonological consonant-vowel-consonant (CVC) structure. These 
words — with the exception of a few loan words — are orthographically fully 
transparent in reading, that is, they can be read by applying only context-free 
grapheme-phoneme correspondence (GPC) rules. Many polysyllabic words, in 
contrast, are more complex to decode because they require the use of 
additional contextual, graphotactical or morphological rules. Verhoeven and 
van Leeuwe (2009) investigated the development of CVC word reading fluency 
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in Dutch typical and poor readers. Their study showed that gains in accuracy 
occur very rapidly from the beginning of reading instruction and taper off 
thereafter. Growth of decoding skills thereafter — in typical and poor readers 
— was found to be largely a matter of increased reading speed. Remediation has 
been shown to improve accuracy in Dutch poor readers, but reading speed 
tends to remain low compared to normally developing children (van der Leij & 
van Daal, 1989; see also Martens & de Jong, 2008; Scheltinga, van der Leij, & 
Struiksma, 2010; Yap & van der Leij, 1993). Torgesen, Rashotte and Alexander 
(2001) showed that a low reading speed in identifying single words is the most 
important factor accounting for individual differences in reading fluency (see 
also Jenkins, Fuchs, van den Broek, Espin, & Deno, 2003; Schwanenflugel, 
Meisinger, Wisenbaker, Kuhn, Strauss, & Morris, 2006; Vadasy & Sanders, 2009). 
Therefore, our research on remedial intervention focuses on the identification 
speed of single words. The present study investigates the differential effects of 
training methods targeted on the word reading speed of poor readers. The 
study contrasts a training method focused on words read correctly (successes) 
with a training method focused on words read incorrectly (failures) and 
investigates the interaction of these with the effect of being informed or not 
about the focus of training material. 
To improve the identification of single words, repetition is proposed to 
be a key element, next to other beneficial measures such as providing 
immediate and corrective feedback, direct instruction, and scaffolding (see e.g., 
Chard, Vaughn, & Tyler, 2002; Kuhn & Stahl, 2003; Meyer & Felton, 1999; 
Swanson, 1999; Swanson, Hoskyn, & Lee, 1999). Poor readers require more 
practice than normally developing children to speedily identify words (Reitsma, 
1983). Berends and Reitsma (2006) argued that it is more beneficial to 
repeatedly train on a few words than to read many words once. If word 
repetition is important, the question needs to be answered which words should 
be repeated: words that are read correctly, or words that appear to offer some 
difficulty, as they are read erroneously. That is the central question of this study. 
Focusing on successes is operationalized in this study by removing from the 
training set words that were read incorrectly during flashcard training sessions. 
In the training focusing on failures, words read correctly during the training are 
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removed from the training set. Arguments favoring either one of these 
procedures will be discussed below. 
In following Ehri’s (1998, 1999) framework, Wolf and Katzir-Cohen 
(2001) emphasized that instruction for fluency development should begin by 
focusing on the accuracy of the word level and its underlying representations. In 
line with this view, the recommended practice in the remedial teaching of poor 
readers is to focus on words that are read incorrectly (e.g., Bender, 2004; 
Martens, Witt, Daly, & Volmer, 1999). Insofar as reading errors offer a window 
on the reading process that children use to read words (Allen, 1976; Au, 1977; 
Goodman, 1969; Savage, Stuart, & Hill, 2001; Singleton, 2005; Weber, 1970), the 
analysis of errors and miscues may be important in determining directions in 
reading instruction (McKenna & Picard, 2006), and therefore is advocated in 
popular textbooks for reading instruction in the primary school (e.g., Beard, 
1990; Graham & Kelly, 1997; Roberts, 1989). Hall (2003) showed that a study of 
reading errors can be very instructive and helps teachers to gain an 
understanding of children and their difficulties. Such considerations and 
findings emphasized concentration on errors in reading practice and form the 
foundations of an intervention focused on failures. 
There are, however, arguments in favor of the opposite approach, 
focusing on successes, which entails that children reread words they have 
successfully decoded. One argument is that, to stimulate fast and effortless 
reading, children must be able to automatize the application of GPC rules or 
automatically identify words. According to the self-teaching hypothesis (cf. 
Share, 1995, 1999), each successful identification of a given word increases the 
likelihood to successfully read that word again, as the reader obtains word-
specific orthographic information. The self-teaching hypothesis argues that fast 
and accurate word identification depends on the frequency to which a child has 
been exposed to a particular word. Words that are read repeatedly are likely to 
be recognized visually with minimal phonological processing from the very 
earliest stages of reading acquisition. Thus, repeatedly reading successes should 
enable readers to catalyze the process of reading words from phonological 
recoding into reading words that have become increasingly lexicalized. 
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A second argument stems from our earlier study presented in Chapter 
2. We investigated the instability of errors in Dutch CVC words, that is, how 
often words were read correctly at one time and incorrectly at another. This 
study showed that typically developing readers in first and second grade, and 
reading-level-matched poor readers did not repeatedly misread the same items. 
As for the words that were read inaccurately by the children, only a fourth of 
those words were read incorrectly twice, and three fourths of those words were 
read incorrectly at one time, but correctly at the other. Errors thus were 
unstable to an important degree, and they were, most probably, not caused by a 
lack of GPC rule knowledge, but rather by inattentiveness or other, stochastic 
processes. If errors are determined largely by random factors, a focus on such 
errors will not be effective for enhancing reading speed because they are too 
unreliable to determine word selection. Moreover, the words that were read 
consistently wrong by beginning readers were not representative for the CVC 
orthographic type as such. They were characterized by a low word frequency, a 
low bigram frequency and a rather small and low frequency neighborhood. 
Thus, a training focused on failures inevitably uses words that are 
orthographically unlike most other CVC words, with sublexical components 
that are atypical for CVC words. If, children, however, practice on successes, 
they practice on typical CVC words, and therefore on the common GPC rules, 
which, consequently, can be expected to bring about greater transfer to CVC 
word reading than a training focusing on failures. 
The effects of a training focusing either on failures or on successes may 
be influenced by motivational factors. Children experiencing learning problems 
often feel discouraged by their failure to learn (Riddick, 2010). A reading 
intervention focusing on failures may therefore discourage the learners even 
more. Repeatedly being confronted with failure may affect their self-esteem and 
as a consequence would be counterproductive (Shute, 2008). Some training 
theorists therefore suggested that learning should focus on successful events 
paired with positive reinforcement (Latham, 1989). On the other hand, 
confronting the readers with their performance by means of a training 
procedure that focuses on failures, might urge them through negative 
reinforcement to avoid making errors and to overcome their failures by working 
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harder and more efficiently (Kluger & DeNisi, 1996; Locke & Latham, 2002). To 
investigate whether improvement is additionally affected by positive or 
negative reinforcement, the children in our study are either informed or not 
informed about the focus of the training. Children who are informed are 
expected to show greater learning effects either through positive reinforcement 
(in the training focused on successes) or through negative reinforcement (in the 
training focused on failures). It is expected that children who are not informed 
about the focus of the training will not show (or will show to a lesser degree) 
the aforementioned effects and will show smaller learning effects, because they 
do not know for sure that their practicing is associated with either their failures 
or successes.  
This research seeks to answer the following questions: Are reading speed 
and accuracy differentially affected by a training focused on failures and a 
training focused on successes? Are such training effects strengthened by 
informing children about the training focus? The questions are answered by 
using a randomized controlled trial, in which children are randomly assigned to 
one of four flashcard training conditions:  
1) SI: Focus on successes (S) and informed (I) about this focus. 
2) SN: Focus on successes (S), but not informed (N) about this focus. 
3) FI: Focus on failures (F) and informed (I) about this focus. 
4) FN: Focus on failures (F), but not informed (N) about this focus.  
In every condition, all children receive immediate feedback that qualifies each 
oral reading response as correct or incorrect.  
Studies accounting for individual differences in response to intervention 
(see Bracht, 1970; Shavelson, Berliner, Ravitch, & Loeding, 1974) have resulted in 
systematic analyses of what has been termed Aptitude-Treatment Interactions 
(ATIs) (Cronbach & Snow, 1977; Snow, 1991; see also Kanfer & Ackerman, 
1989). The data therefore will be used to investigate also whether some poor 
readers benefit more from a training focused on failures and other poor readers 
benefit more from a focus on successes, and whether training outcomes are 
related to the children’s initial reading level.  
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Method 
Participants 
Poor readers (n = 83, of whom 50 male) were selected from four primary 
schools for special education. Children are in this type of education (see 
Eurybase, 2008) because of learning disabilities, mild mental retardation or mild 
behavioral problems. The majority of these children (73%) are poor readers (van 
Bon, Bouwmans, & Broeders, 2006). To ensure a sample of typical IQ, children 
with mental retardation or behavioral problems were excluded from 
participation. Formal reading instruction in these and other Dutch primary 
schools is based on phonics instruction and starts in Grade 1.  
Four children left the study due to illness or moving to another school. 
Therefore, results on 79 children (of whom 47 male) will be reported. Children 
were defined as poor readers because they scored below the 10th percentile for 
their grade level on at least two of the following standardized screening tests 
that also served as pretests: Lexical Decision Tests (LDT1, LDT2), Word 
Decoding Tests (WDT1, WDT2, WDT3) or a Nonword Reading Test (NRT). All 
children were able to sound out the graphemes according to the Dutch GPC 
rules, had Dutch as their first language, and did not have any diagnosed 
neurological problems, nor a speech, hearing or visual impairment. The teachers 
also classified these children as poor readers and considered the reading 
problems of these children as not caused by behavioral problems. Parents were 
informed about the participation of the children and had given written consent 
for participation.  
Children were randomly assigned to one of the four experimental 
training conditions SI, SN, FI or FN (see end of introduction). Boys and girls were 
evenly distributed over experimental groups. The training groups were evenly 
distributed across schools and classes to reduce school-specific or teacher-
specific effects.  
In order to assess whether ATI effects of initial reading level apply to our 
data, children were qualified as having either a high initial reading level (HI) or a 
low initial reading level (LI), based on their reading composite score on the 
WDT1 prior to intervention. Thirty-seven children with a reading composite 
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score at or below the median (35 words read correctly per minute,) were 
considered LI children; 42 children with a reading composite score above the 
median formed the group of HI children11.  
The training groups did not differ in age (F < 1), number of months of 
formal reading instruction (F < 1), on any pretest, both on composite scores as 
well as on the disaggregated component scores for accuracy and speed (F < 1 
for all tests). The training groups did not differ on these variables either when 
analyses were conducted separately for LI children and HI children (Fs < 1). The 
HI children performed better than the LI children on all pretests, both on the 
composite scores (F (6, 72) = 22.3, p < .001, ηp2 = .65), as well as on the 
component scores for accuracy (F (7, 71) = 6.63, p < .001, ηp2 = .45), and speed (F 
(7, 71) = 14.57, p < .001, ηp2 = .59). The LI children received fewer months of 
reading instruction than the HI children (F (1, 77) = 5.36, p < .05, ηp2 = .07), 
however, the groups did not differ in chronological age (F < 1).  
Table 1 provides an overview of characteristics of the experimental 
subgroups. Scores on pretests can be found in Tables 5 and 6.  
 
Procedure and instruments 
Computerized Flashcard Training 
Stimuli in the training set.  
Words with a phonological CVC12 structure were selected from the 
Celex Database  (Baayen, Piepenbrock, & van Rijn, 1993). The selected words 
were the lemmas for words that can occur independently in a language (i.e., 
nouns, verbs, adjectives, adverbs, and numbers). Words that were considered 
rather idiosyncratic or shocking, proper names and words with a foreign 
orthography or phonology were eliminated (Nunn, 1998; Booij, 1995). 
Additionally, some words were considered unsuitable for training purposes. 
These were low-frequency words (e.g. zijl [drainage watercourse]) having a 
homophonic high-frequency counterpart (e.g. zeil [sail]). Only the high-
frequency homophones (zeil) were used, as otherwise children might memorize 
the low-frequency written word form (zijl) with the high-frequency word 
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meaning. Of the initial set of 1078 words, 845 thus constituted the training set 
(see Appendix A). 
 
Table 1 Composition of the Training Groups on Gender, Mean Age and Reading 
Instruction (RI) in months (Standard Deviations in Parentheses). 
 Low Initial Level 
 SI (n = 10) SN (n = 12) FI (n = 9) FN (n = 11) 
 M SD M SD M SD M SD 
Age  100.40 19.28 99.50 20.95 109.67 17.31 104.36 13.90 
RI  24.50 6.69 27.25 9.51 21.22 7.10 22.09 6.64 
Gender 8 M / 2 F 6 M / 6 F 5 M / 4 F 6 M / 5 F 
     
 High Initial Level 
 SI (n = 10) SN (n = 6) FI (n = 11) FN (n = 10) 
Age 104.80 15.48 110.00 19.28 101.36 10.14 109.00 12.53 
RI 27.90 8.86 23.83 7.49 29.36 9.97 30.00 8.01 
Gender 4 M / 6 F 4 M / 2 F 7 M / 4 F 7 M / 3 F 
Note. SI = Training focused on successes and children informed about this focus, SN = Training 
focused on successes and children not informed about this focus, FI = Training focused on 
failures and children informed about this focus, FN = Training focused on failures and children 
not informed about this focus. 
 
 
General training setup. The training consisted of 10 sessions of 
approximately twenty minutes each. Children practiced individually once or 
twice a week. The training used the flashcards format of van den Bosch, van Bon 
and Schreuder (1995). In each training session 100 CVC words were presented, 
randomly selected from the training set, one at a time on a computer screen. 
Children were instructed to name the presented word as accurately and as fast 
as possible. At the end of the 10 sessions, each child had thus read 1000 times a 
word from the training set. CVC words were presented in black, lower case 
letters (Arial, size 48). on a white background in the centre of a computer 
screen. The letters had a height of approximately 1.5 cm and words ranged from 
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2 cm to 6.5 cm in length. The child was seated in front of the computer screen, 
at a distance of approximately 60-80 cm. 
The exposure duration of the words was varied to maintain the 
accuracy rate at an approximately constant level. After each trial, the reading 
accuracy of the last word and the previous five words were evaluated. The 
exposure duration of the next word was increased by 17 ms if four or more 
words out of these six had been read incorrectly, and was decreased by 17 ms if 
five or six out of the six words were read correctly. In the other cases (three or 
four correct), exposure duration remained unchanged. In this way, the accuracy 
rate was maintained at an approximately constant level of 67%. Due to software 
failure, each session started with an exposure duration of 350 ms, instead of the 
exposure duration the previous session ended with.13  
Each word was preceded by a fixation cross (a +) in the center of the 
screen for 800 ms. After a blank screen for 200 ms, the word was presented with 
varying exposure duration. The word was followed by hash marks (###) in order 
to prevent further visual processing of the letter string. As soon as a voice key 
registered a verbal response, the hash marks disappeared and were followed by 
visual feedback (1000 ms). The visual feedback on the screen indicated whether 
the verbal response was correct (smiley) or incorrect (sad face). At the end of 
each session, the child was shown a computer graph that depicted the 
presentation times of the words read in the current and in the previous sessions 
and the meaning of the graph was explained if necessary. This graph visualized 
the child’s progress and should motivate the children to perform well (Kluger & 
DeNisi, 1996). Each session started with a short practice block of six randomly 
chosen CV and VC words in order to get accustomed to the training.  
 
Training conditions. Children received training according to one of the 
four different conditions (SI, SN, FI and FN). In each session, 100 words, taken 
randomly without replacement from the training set (initial n = 845), were 
presented. For training groups focusing on successes (SI and SN), the words read 
incorrectly during the training session were removed from further training, thus 
reducing the number of words in the training set. Words read correctly were 
returned to the training set for possible repeated sampling in the next sessions. 
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In the next session, again 100 words were randomly taken without replacement 
from the remaining training set. This procedure was applied to all 10 training 
sessions. For the groups focusing on failures (FI and FN), words read correctly 
during the training session were removed, and words read incorrectly were 
returned to the training set. In both training conditions, words used in invalid 
trials were not removed.  
Apart from focus, training conditions differed in the information that 
was given about the focus of the training. In the non-informed condition, 
children were not told that their training was either focused on failures or on 
successes. In contrast, children in the informed condition were explicitly shown, 
reminded by graphics and a short movie14, and told at the beginning of each 
session that they were practicing on their past successes and new items or on 
their past failures and new items.  
Laptops with 14” screens were used. The correctness of verbal responses 
was recorded by the experimenter, and stored in the computer by means of a 
buttonbox.  
 
Pre- and Posttests 
Children were screened for selection with LDT1 and LDT2 and 
thereafter, WDT1, 2 and 3, NRT were additionally used for selection. These tests 
also served as pretest, together with a Sentence Verification Test (SVT). Parallel 
versions of the tests were used at the posttest. 
 
Lexical Decision Test (LDT). The students were asked to complete two 
versions of a standardized paper-and-pen lexical decision test (van Bon, 2007). 
Each version involves a card with words distributed across it in columns. LDT1 is 
composed of CVCC and CCVC words following the dominant orthographic 
rules. Sixty high-frequency nouns that are likely to be known in their spoken 
forms by six-year-olds (Kohnstamm, Schaerlaekens, de Vries, Akkerhuis, & 
Frooninckxs, 1999) were interspersed with 20 pseudowords. LDT2 is composed 
of bisyllabic words following the dominant orthographic rules, and has 90 high-
frequency nouns likely to be known in their spoken forms by six-year-olds, 
interspersed with 30 pseudowords. This test is administered in class and 
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students are asked to silently read the items and cross out every pseudoword. 
The raw score for each test is the number of words judged within a minute 
minus the number of errors. Test–retest reliability for children in Grades 1 to 3 
is considered sufficient, .81 for LDT1 and .82 for LDT2, (van Bon, 2007). The LDT 
taps word reading skills and semantic knowledge. We incorporated the LDT, as 
it is an adequate and reliable alternative for using oral reading tests (van Bon, 
Hoevenaars, & Jongeneelen, 2004). 
 
 Word Decoding Test (WDT). A standardized word reading test 
(Verhoeven, 1995) was administered individually to assess the oral reading 
abilities of the students for words in isolation. This test consists of three cards 
with words listed in columns (WDT1: simple monosyllabic words; WDT2: 
monosyllabic words with one or two consonant clusters; WDT3: two-, three-, 
and four-syllable words). Students are instructed to read the words aloud as 
quickly and accurately as possible. The composite score for each card is the 
number of words read correctly in one minute. The reported reliability of the 
three cards (Cronbach’s α) ranges from .86 to .94 (Verhoeven & van Leeuwe, 
2003) and is judged sufficient.  
 
Nonword Reading Test (NRT).  In order to assess the decoding ability of 
the students for pseudowords, a standardized nonword reading test was 
administered (van den Bos, Lutje Spelberg, Scheepstra, & de Vries, 1994). The 
test consists of pseudowords of increasing length. The students are instructed 
to read the pseudowords aloud as quickly and accurately as possible. The test 
score is the number of nonwords read correctly in two minutes. The parallel 
reliability is good, .93 and above (van den Bos et al., 1994). 
 
Sentence Verification Test (SVT). In order to determine word reading 
skill in sentence context and comprehension skill, a computerized sentence 
verification task derived from van den Bosch et al. (1995) and Wentink (1997) 
was used. Thirty semantically correct sentences (e.g., Kaas is geel. [Cheese is 
yellow.]) and fifteen semantically incorrect sentences (e.g., De trein is zuur. [The 
train is sour.]) were presented one-by-one on a computer screen in random 
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order. Sentences consisted of high-frequency monosyllabic words that follow 
the dominant orthographic rules, and that are likely to be known in their 
spoken forms by six-year-olds (Kohnstamm et al., 1999; see Appendix E). 
Children were asked to silently read the sentences as quickly and accurately as 
possible, and then to judge the sentences as meaningful or not meaningful by 
pressing a button. Thereafter, the sentence disappeared and a new sentence 
appeared on the screen. A blank screen of 2 seconds appeared in between the 
presentation of the sentences. Children got acquainted with the test by judging 
four training sentences. There were no time limitations to this task and no 
feedback was given. The score is the percentage of correctly judged sentences. 
SVT responses and latencies were recorded by the laptops. 
 
 
Results 
First we present data on word reading collected during the flashcard 
training.  The stimuli changed from session to session for each individual, and 
therefore we answer the questions whether the content of the training differed 
for the training groups with respect to the number of words and their word 
characteristics in the last training set. Changes during the training are explored 
by investigating the accuracy scores and exposure durations from the first to 
the last training session. Planned comparisons are made with respect to Focus 
(successes versus failures), Information (informed versus non-informed) and 
Initial Level (high versus low). 
Second, we present the results on transfer measures of word reading 
skills. We conduct repeated measures MANOVAs with the pre- and posttest 
component scores for reading speed and accuracy on LDTs, WDTs, NRT, and 
SVT as dependent variables. Between-subjects factors are Focus, Information, 
and Initial Level. Time (pre- versus posttests) are the within-subjects factor. To 
assess whether our interventions had additional practice value, in the last 
section, we compare the pre- and posttest scores of the participants on the 
standardized tests to the respective age norms. 
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The Flashcard Training 
Stimuli of the Last Training Set 
An analysis of variance was conducted with Number of words in the last 
training set as a dependent variable and Focus, Information, and Initial Level as 
between-subjects factors. A main effect of Focus (F (1, 71) = 283.67, p < .001, ηp2 
= .80) was further qualified by an interaction of Focus by Initial Level (F (1, 71) = 
15.44, p < .001, ηp2 = .18). Post hoc tests with Bonferroni correction showed that 
children focusing on successes had more words in their last training sets than 
children focusing on failures (see Figure 1), for the LI children (p < .001) and HI 
children (p < .001). As for the children focusing on failures, the LI children had 
more words in their last training sets than the HI children (p < .05), whereas this 
effect was (marginally) reversed for the children focusing on successes (p = .07). 
Thus, the difference in number of words between groups focusing on failures 
versus successes is largest for the HI children and smallest for the LI children. 
Next, we analyzed the lexical and sublexical characteristics: 1) length, 2) 
mean log bigram frequency, 3) frequency (i.e., the natural logarithm of a word’s 
frequency per million, Baayen, et. al., 1993), 4) number of orthographic 
neighbors (i.e., words differing in one letter), 5) number of phonological 
neighbors (i.e., words differing in one phoneme), 6) frequency of the most 
frequent orthographic neighbor, and 7) frequency of the most frequent 
phonological neighbor. These characteristics (see Table 2) were reduced to 
three uncorrelated factors with principal components analysis: pattern 
frequency (marked by high loadings of bigram frequency and frequency for the 
most frequent orthographic and phonological neighbors), neighborhood size 
(marked by high loadings for the number of phonological and orthographical 
neighbors and by a negative loading for word length), and word frequency 
(marked by word frequency).  
These three factor scores were entered as the dependent variables into a 
multivariate analysis of variance. Focus, Information, and Initial Level were the 
between-subjects variables. Words trained on by children focusing on successes 
have a higher pattern frequency (F (1, 28271) = 17.95, p < .001, ηp2 < .01), larger 
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neighborhood size (F (1, 28271) = 150.96, p < .001, ηp2 = .01), and higher word 
frequency (F (1, 28271) = 165.73, p < .001, ηp2 = .01) than words trained on by 
children focusing on failures. As for the groups focusing on failures, words 
trained on by LI children have a higher word frequency (F (1, 10782) = 6.03, p < 
.05, ηp2 < .01) and a lower neighborhood size (F (1, 10782) = 6.64, p < .01, ηp2 < 
.01) than words trained on by HI children. It seems that LI children do not only 
have difficulty reading low-frequency words, but also words with a low 
neighborhood size. 
 
Figure 1 Mean Number of Words in the Training Set of the Last Session for 
Children with a Low and a High Initial Reading Level in the Training Focused on 
Failures and on Successes. 
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Table 3 Means and Standard Deviations of Reading Accuracy (in Percentages) in 
each Training Session of the Training Groups.  
 Low Initial Level 
Session SI (n = 10) SN (n = 12) FI (n = 9) FN (n = 11) 
 M SD M SD M SD M SD 
1 59.24 2.00 55.87 10.50 57.04 6.55 58.21 5.96 
2 59.11 3.80 54.08 12.09 56.12 8.61 57.94 10.30 
3 61.10 2.02 53.26 13.03 55.96 8.77 56.71 10.09 
4 61.18 2.52 54.74 12.83 53.01 10.60 56.75 9.63 
5 62.72 2.23 56.94 9.92 58.83 5.20 56.86 8.24 
6 62.76 1.61 58.22 9.02 57.98 8.25 57.08 9.60 
7 61.91 2.15 56.44 10.33 58.73 5.60 57.26 9.33 
8 62.75 3.42 58.59 8.95 58.31 7.00 59.42 5.46 
9 64.01 4.36 58.91 8.27 58.73 5.90 59.34 4.29 
10 63.25 4.27 58.72 11.05 59.61 3.88 59.87 6.06 
 High Initial Level 
 SI (n = 10) SN (n = 6) FI (n = 11) FN (n = 10) 
 M SD M SD M SD M SD 
1 62.23 1.56 61.72 2.46 62.29 2.04 61.66 2.13 
2 62.35 1.63 62.08 1.94 62.06 1.40 61.81 2.00 
3 63.04 1.58 68.63 9.33 61.97 2.09 62.14 1.98 
4 62.91 2.32 62.79 1.69 62.68 2.49 62.28 2.30 
5 63.76 1.52 63.91 1.27 62.99 1.97 61.95 1.75 
6 63.85 3.45 64.00 2.00 63.55 1.73 63.13 2.93 
7 64.24 1.99 64.87 4.55 63.08 3.10 63.69 2.58 
8 64.67 3.89 63.43 2.82 62.62 2.51 62.12 2.32 
9 63.56 2.66 64.95 4.54 63.59 2.67 62.36 1.94 
10 64.88 2.30 66.82 6.53 63.51 3.64 63.51 4.71 
Note. SI = Training focused on successes and children informed about this focus, SN = Training 
focused on successes and children not informed about this focus, FI = Training focused on 
failures and children informed about this focus, FN = Training focused on failures and children 
not informed about this focus. 
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Accuracy during Training 
A repeated measures ANOVA was conducted with log odds of the percentage 
correct of each session (see Allerup & Elbro, 1998) as a dependent variable (see 
Table 3). Time (Session 1 to Session 10) was entered as a within-subjects factor 
and Focus, Information, and Initial Level as between-subjects factors.  
Results show main effects of Time (F (9, 63) = 4.43, p < .001, ηp2 = .39), 
and Initial Level (F (1, 71) = 16.92, p < .001, ηp2 = .19), indicating that HI children 
have higher accuracy scores than the LI children (see Figure 2). The LI children 
had lower accuracy scores in the first session than the HI children (F (1, 77) = 
14.08, p < .001, ηp2 = .16), and this difference apparently did not disappear. An 
interaction of Time by Initial Level was also found (Huyn-Feldt correction 
applied, see Keselman et al., 1998) (F (7.35, 521.47) = 2.33, p < .05, ηp2 = .03). 
Tests of within-subjects contrasts (polynomial) show an interaction of Time by 
Initial Level at the cubic level only (F (1, 77) = 4.87, p < .05 ηp2 = .06). The HI and 
LI groups increase their accuracy scores from session 1 to session 10, but they do 
so in a different time course. LI children show an initial stagnation, after which 
they increase in accuracy and this is best described as a linear increase (F (1, 41) 
= 22.19, p < .001, ηp2 = .35) and marginally as cubic (F (1, 41) = 4.01, p = .05, ηp2 = 
.09). HI children show a slight increase over all ten sessions and their 
improvement over time can only be described as linear (F (1, 36) = 9.98, p < .01, 
ηp2 = .22). No effects of Focus and Information (F < 1) on reading accuracy were 
found.  
 
Exposure Duration during Training 
A repeated measures ANOVA was conducted with the mean log exposure 
duration of each session (see Table 4) as a dependent variable, Time (Session 1 
to Session 10) as a within-subjects factor, and Focus, Information, and Initial 
Level as between-subjects factors. 
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Figure 2 Mean Accuracy Score (in Percentages) of each Training Session for 
Children with a Low and High Initial Reading Level.  
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Table 4 Means and Standard Deviations of Exposure Duration (in Milliseconds) 
in each Training Session of the Training Groups.  
 Low Initial Level 
Session SI (n = 10) SN (n = 12) FI (n = 9) FN (n = 11) 
 M SD M SD M SD M SD 
1 210.74 112.97 282.68 256.86 246.02 158.61 221.68 168.81 
2 149.46 53.01 291.54 264.60 285.94 186.17 243.91 250.13 
3 169.99 77.23 291.09 258.53 277.03 136.19 261.29 274.81 
4 152.48 84.19 305.11 301.58 280.45 180.37 256.74 270.92 
5 114.21 48.11 241.64 245.63 231.71 165.41 260.26 239.79 
6 117.67 69.05 208.23 186.94 211.02 113.06 256.54 250.16 
7 102.42 42.95 195.70 170.08 204.40 158.18 203.37 203.06 
8 107.81 52.91 212.01 211.28 192.04 156.56 221.94 177.95 
9 100.42 73.75 229.80 239.71 204.46 151.16 202.09 103.57 
10 99.25 48.90 239.01 231.33 176.84 91.48 232.43 172.46 
 High Initial Level 
 SI (n = 10) SN (n = 6) FI (n = 11) FN (n = 10) 
 M  SD M SD M SD M SD 
1 104.93 33.96 83.19 12.81 125.89 31.80 98.18 28.04 
2 94.60 21.51 74.25 12.42 128.69 64.27 94.20 29.57 
3 83.81 31.72 76.06 13.96 90.22 20.64 88.81 26.14 
4 83.26 24.46 68.26 9.04 87.60 31.15 89.72 43.00 
5 75.33 32.09 68.73 20.72 85.27 16.90 80.59 36.12 
6 65.45 17.76 76.81 16.02 78.89 19.58 84.95 55.16 
7 74.26 22.70 74.79 38.86 71.94 18.56 76.66 26.52 
8 66.56 27.61 58.80 9.88 71.49 20.00 92.89 41.76 
9 63.52 35.13 57.00 14.42 80.05 48.04 80.78 47.31 
10 59.20 17.00 61.38 18.42 78.05 36.99 80.95 39.38 
Note. SI = Training focused on successes and children informed about this focus, SN = Training 
focused on successes and children not informed about this focus, FI = Training focused on 
failures and children informed about this focus, FN = Training focused on failures and children 
not informed about this focus. 
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A main effect for Time (F (9, 63) = 13.24, p < .001, ηp2 = .65) indicates that the 
mean exposure duration decreased from the first to the last session. A main 
effect of Initial Level (F (1, 71) = 40.92, p < .001, ηp2 = .37) indicates that the 
exposure durations for LI children were longer than for HI children. LI children 
had longer exposure durations in the first session (F (1, 77) = 32.62, p < .001, ηp2 
= .30), and this difference was apparent throughout all training sessions. 
Interestingly, two interactions were found. The interaction of Time by Focus (F 
(8.54, 606.61) = 1.96, p < .05, ηp2 = .03, with Huyn-Feldt correction) is illustrated 
by Figure 3.  
 
Figure 3 Mean Exposure Duration (in Milliseconds) in each Training Session for 
Children in the Training Focused on Failures and Successes. 
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Tests of within-subjects contrasts (polynomial) show an interaction of Time by 
Focus at the linear level only (F (1, 77) = 6.37, p < .05 ηp2 = .08). For children 
focusing on successes exposure duration decreased in a linear trend (F (1, 40) = 
22.61, p < .001, ηp2 = .36), and more rapidly than for children focusing on failures, 
whose decrease in exposure duration can be described as linear (F (1, 37) = 
76.47, p < .001, ηp2 = .67), but also as quadratic (F (1, 37) = 6.16, p < .05, ηp2 = .14).
 
Figure 4 Mean Exposure Duration (in Milliseconds) of each Training Session for 
Children being Informed about the Focus of the Training, and Children being 
Uninformed.  
 
 
104 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
The interaction of Time by Information (F (8.54, 606.61) = 2.78, p < .01, 
ηp2 = .04) is further qualified by tests of within-subjects contrasts (polynomial) 
that show an interaction of Time by Information at the linear level only (F (1, 
77) = 12.63, p < .001 ηp2 = .14). For children uninformed, the decrease in 
exposure duration can only be described as being linear (F (1, 38) = 15.95, p < 
.001, ηp2 = .30) and for children who are informed this can be described as being 
linear (F (1, 39) = 102.29, p < .001, ηp2 = .72), but also as quadratic (F (1, 39) = 
4.75, p < .05, ηp2 = .11). As is illustrated in Figure 4, for children who are informed 
the exposure duration decreased more over sessions than for children who are 
uninformed.  
 
Transfer Measures of Word Reading Skills 
Reading Accuracy  
A repeated measures MANOVA was conducted with the accuracy 
scores on the reading tests as the dependent variables. Accuracy for each test 
was determined as the percentage of correct responses and is displayed in Table 
5. 
An effect of Time was observed (F (7, 65) = 5.84, p < .001, ηp2 = .39) 
indicating that accuracy improved from pre- to posttest. An effect of Initial 
Level was observed (F (7, 65) = 7.38, p < .001, ηp2 = .44), indicating that HI 
children have higher accuracy scores than LI children. This holds for all tests (p 
< .001). No other main effects were observed (F < 1). No significant interactions 
were observed (Time by Information (F (7, 65) = 1.34, p > .05, ηp2 = .13); Time by 
Focus by Information (F (7, 65) = 1.34, p > .05, ηp2 = .13); Time by Focus by Initial 
Level (F (7, 65) = 1.74, p > .05, ηp2 = .16); all other interactions F < 1). 
 The effect of Time was significant for LDT1 (F (1, 71) = 4.16, p < .05, ηp2 = 
.055), LDT2 (F (1, 71) = 12.98, p < .001, ηp2= .16), and SVT (F (1, 71) = 13.35, p < 
.001, ηp2 = .16), indicating that accuracy improved for these reading tests only. 
No improvement in accuracy was observed for the other tests (WDT1 (F (1, 71) 
= 2.68, p > .05, ηp2 = .04), WDT2, WDT3 and NRT F < 1). Interestingly, the LDTs 
and the SVT are tests in which the child needs to judge whether an item (word 
or sentence) is meaningful or not. 
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 These results on reading accuracy indicate that children improve their 
reading accuracy on the two lexical decision tests and the sentence verification 
test. No differential effects of training condition on reading accuracy 
improvement were found, however. 
 
 
 
Table 5 Reading Accuracy (as Percentage Correct) at Pretest and Posttest of the 
Lexical Decision Test (LDT1 and LDT2), Word Decoding Test (WDT1, WDT2 and 
WDT3), Nonword Reading Test (NRT) and Sentence Verification Test (SVT). 
 Low Initial Level 
 SI (n = 10) SN (n = 12) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 84.04 14.41 85.21 9.61 83.05 6.01 75.62 19.43 
LDT2 82.73 17.91 80.53 13.70 84.53 13.63 73.38 14.95 
WDT1 78.74 13.19 81.11 11.11 82.85 8.88 80.22 15.84 
WDT2 68.19 22.90 67.86 14.93 66.54 25.60 57.10 27.81 
WDT3 41.59 25.48 55.47 17.42 44.72 20.75 45.41 26.83 
NRT 36.11 14.72 41.04 21.98 40.62 22.74 30.94 23.04 
SVT 83.56 9.26 85.56 9.84 77.96 13.94 79.63 10.84 
         
 FI (n = 9) FN (n = 11) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 81.05 13.40 81.05 13.40 81.05 13.40 81.05 13.40 
LDT2 82.71 18.24 82.71 18.24 82.71 18.24 82.71 18.24 
WDT1 79.93 9.45 79.93 9.45 79.93 9.45 79.93 9.45 
WDT2 58.46 22.23 58.46 22.23 58.46 22.23 58.46 22.23 
WDT3 45.19 31.24 45.19 31.24 45.19 31.24 45.19 31.24 
NRT 31.07 18.76 37.13 20.38 35.21 23.18 37.89 20.65 
SVT 83.65 5.60 84.44 5.44 80.60 10.23 85.65 8.39 
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 High Initial Level 
 SI (n = 10) SN (n = 6) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 88.49 9.22 88.96 9.41 96.18 3.56 88.59 7.74 
LDT2 94.41 5.86 85.63 14.67 98.38 2.55 93.06 5.09 
WDT1 90.64 7.16 94.50 3.59 93.14 6.16 92.86 6.55 
WDT2 83.86 16.63 87.35 10.44 93.49 7.31 87.03 5.98 
WDT3 73.84 14.54 73.59 17.46 75.15 22.69 72.44 12.39 
NRT 51.12 15.96 58.62 23.48 62.51 6.07 57.90 14.05 
SVT 87.78 8.13 92.44 7.50 91.11 3.44 94.44 2.72 
         
 FI (n = 11) FN (n = 10) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 91.60 5.83 90.62 8.14 90.19 9.26 90.80 7.06 
LDT2 93.96 5.53 93.50 3.57 94.94 5.24 93.71 6.96 
WDT1 91.02 6.57 92.40 5.98 94.29 3.32 97.03 2.62 
WDT2 85.20 9.58 88.38 9.02 91.88 5.02 91.79 4.94 
WDT3 71.34 19.84 75.53 13.61 74.91 9.95 80.98 6.42 
NRT 50.76 19.65 52.78 21.00 54.58 5.64 57.99 12.46 
SVT 90.30 4.01 91.71 5.36 87.78 10.90 95.56 2.96 
Note. SI = Training focused on successes and children informed about this focus, SN = Training 
focused on successes and children not informed about this focus, FI = Training focused on 
failures and children informed about this focus, FN = Training focused on failures and children 
not informed about this focus. 
 
 
Reading Speed 
A repeated measures MANOVA was conducted with reading speed as 
the dependent variable. Reading speed was determined as the number of words 
read within one minute for the LDT, WDT and NWR. For the SVT, reading 
speed was determined as the log median latency time over the semantically 
correct sentences. Descriptives are displayed in Table 6.  
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 A main effect of Time was observed (F (7, 65) = 22.88, p < .001, ηp2 = .71), 
indicating that children improved their reading speed from pre- to posttest. A 
main effect of Initial Level (F (7, 65) = 13.66, p < .001, ηp2 = .60) indicates that HI 
children read faster than LI children, as expected. No other main effects were 
observed (Focus (F (7, 65) = 1.32, p > .05, ηp2 = .12), Information (F (7, 65) = 1.82, 
p > .05, ηp2 = .16). Interestingly, the interaction of Time by Focus by Initial Level 
(F (7, 65) = 2.73, p < .05, ηp2 = .23) was significant. No other interactions were 
present (Time by Initial Level (F (7, 65) = 1.36, p > .05, ηp2 = .13); Time by 
Information by Initial Level (F (7, 65) = 1.75, p > .05, ηp2 = .16); Time by Focus by 
Information by Initial Level (F (7, 65) = 1.54, p > .05, ηp2 = .14); all other 
interactions F < 1).  
The effect of Time was significant for each reading test, indicating that 
children improved their reading speed on all reading tests: LDT1 (F (1, 71) = 
22.23, p < .001, ηp2 = .24), LDT2 (F (1, 71) = 21.99, p < .001, ηp2 = .24), WDT1 (F (1, 
71) = 73.10 p < .001, ηp2 = .51), WDT2 (F (1, 71) = 43.61, p < .001, ηp2 = .38), 
WDT3 (F (1, 71) = 35.50, p < .001, ηp2 = .33), NRT (F (1, 71) = 14.54, p < .001, ηp2 
= .17), and SVT (F (1, 71) = 87.00, p < .001, ηp2 = .55). 
The interaction of Time by Focus by Initial Level was significant for LDT2 (F (1, 
71) = 4.05, p < .05, ηp2 = .05), WDT3 (F (1, 71) = 10.13, p < .01, ηp2 = .13), and NRT 
(F (1, 71) = 4.77, p < .05, ηp2 = .06). Other tests did not show this interaction 
(WDT1 (F (1, 71) = 1.73, p > .05, ηp2= .02); WDT2 (F (1, 71) = 2.27, p > .05, ηp2 = 
.03); LDT1 and SVT both F < 1). The interaction of Time by Focus by Initial Level 
observed in LDT2, WDT3, and NRT shows an ATI effect. The four-way 
interaction of Reading Test (LDT2, WDT3, and NRT) by Time by Focus by Initial 
Level (F (2, 225) = 7.23, p < .001, ηp2 = .06) indicates that the direction of this 
ATI effect is not the same for each reading test. On the two tests assessing 
reading aloud (WDT3 and NRT), in the groups training on successes, LI children 
improved their reading speed more than HI children (post hoc tests with 
Bonferroni correction, WDT3: p < .001, NRT: p < .01). In the groups training on 
failures, however, HI children improved more than LI children (WDT3: p < .001, 
NRT: p < .05). Thus, to improve reading aloud, a training on failures is most 
beneficial for HI children and conversely, a training focused on successes is most 
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beneficial for LI children. As for the LDT2, we found a reversed ATI effect: in the 
groups training on successes, HI children improved their reading speed more 
than the LI children (p < .001). Whereas in the groups training on failures, LI 
children improved more than HI children (p < .05).  
Crucially, as the previous part of the results section pointed out, the 
training groups did not show any differential effect on reading accuracy. 
Improved reading speed for reading aloud or lexical decision evidently did not 
go together with a detrimental effect on reading accuracy. In other words, no 
speed-accuracy trade-off is observed as a result of the flashcard training 
focusing either on successes or on failures. 
 
Table 6 Reading Speed at Pretest and Posttest measured as Number of Words 
read per Minute of the Decision Test (LDT1 and LDT2) and Word Decoding Test 
(WDT1, WDT2 and WDT3); as Number of Words Read per Two Minutes of the 
Nonword Reading Test (NRT); and as Latency Time (in MS) for the Sentence 
Verification Test (SVT). 
 Low Initial Level 
 SI (n = 10) SN (n = 12) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 15.10 4.28 17.80 4.94 15.67 7.76 17.83 7.20 
LDT2 12.80 2.53 14.10 5.09 13.25 6.86 16.67 8.34 
WDT1 32.50 5.87 41.80 9.09 32.67 10.88 43.33 13.83 
WDT2 19.00 5.08 28.00 8.88 20.42 7.83 27.58 11.18 
WDT3 14.10 3.48 20.80 7.42 15.33 6.83 22.75 8.53 
NRT 28.10 8.63 37.20 14.63 24.42 7.00 34.42 13.53 
SVT 7496 1519 7025 2346 8398 4794 7047 5004 
         
 FI (n = 9) FN (n = 11) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 12.44 6.06 21.00 17.26 16.18 4.56 18.09 7.57 
LDT2 9.78 4.74 22.44 25.58 13.55 6.25 19.73 12.31 
WDT1 27.00 7.43 35.00 11.52 31.45 7.09 39.09 12.28 
WDT2 16.78 6.16 22.56 9.44 20.82 6.49 25.73 8.89 
WDT3 11.44 4.22 15.44 8.05 14.18 6.00 16.91 8.12 
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NRT 29.67 15.72 29.22 8.83 27.27 4.15 30.55 8.30 
SVT 8795 4170 9128 4464 8609 3166 7478 3132 
  
 High Initial Level 
 SI (n = 10) SN (n = 6) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 27.00 6.25 32.90 13.63 27.17 5.85 31.67 7.34 
LDT2 21.40 8.00 33.30 13.38 23.83 7.14 30.33 9.27 
WDT1 54.10 9.59 57.60 12.95 65.00 19.87 74.50 25.31 
WDT2 37.00 9.79 41.80 11.32 49.17 19.41 54.50 30.40 
WDT3 28.80 5.18 32.30 8.55 40.17 25.96 38.17 18.30 
NRT 40.50 9.96 42.20 16.27 50.50 20.71 55.50 33.31 
SVT 5264 822 4695 878 5023 485 5585 1300 
         
 FI (n = 11) FN (n = 10) 
 Pretest Posttest Pretest Posttest 
 M SD M SD M SD M SD 
LDT1 24.36 7.20 32.18 14.34 22.90 7.39 32.40 7.26 
LDT2 21.18 7.40 28.64 13.40 22.40 7.79 25.10 5.76 
WDT1 54.36 12.30 63.45 12.39 51.70 10.73 61.70 13.00 
WDT2 36.73 14.01 44.00 11.20 39.30 13.02 49.00 12.27 
WDT3 28.27 12.03 34.45 12.88 27.40 7.20 34.20 8.00 
NRT 38.27 14.60 50.73 23.05 36.80 7.83 40.30 7.69 
SVT 4744 1313 4341 922 4646 848 4688 925 
Note. SI = Training focused on successes and children informed about this focus, SN = Training 
focused on successes and children not informed about this focus, FI = Training focused on 
failures and children informed about this focus, FN = Training focused on failures and children 
not informed about this focus. 
 
 
Comparison with Normal Reading Improvement 
The pre- and posttest scores of the LDTs, WDTs and NRT were classified into 
five levels: below the 10th percentile, the next 15%, and each of the next 
quartiles. The Wilcoxon Signed Ranks Test indicated that children improved 
from pre- to posttest by scoring in a higher norm class on the LDT1 (Z = -2.14, p 
< .05) and WDT1 (Z = -2.11, p < .05) (On LDT2, WDT2, WDT3 and NRT 
progress was not significant.). This suggests that for poor readers, intervention 
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focused on CVC words was beneficial as children improved their reading of 
untrained monosyllabic words more than can be expected from regular 
education. 
 
Discussion 
The present study compares the effects of two training procedures in poor 
readers. A randomized controlled trial design was used to answer the questions 
(a) whether a training focused on failures versus a training focused on successes 
differentially improve reading speed and accuracy, (b) whether the effect of 
training focus interacts with the effect of being informed or not about the 
training focus, and (c) whether such training effects interact with the child’s 
initial reading level. The interventions were focused on reading speed, while 
maintaining an approximately constant level of reading accuracy. The training 
material consisted of regularly spelled Dutch CVC words and outcome transfer 
measures consisted of a Lexical Decision Test (LDT), Word Decoding Test 
(WDT), Nonword Reading Test (NRT), and a Sentence Verification Test (SVT). 
The main findings of the pretest - posttest comparison are as follows. 
An improvement of reading speed was observed for all reading tests. 
Improvement in reading aloud was characterized by an ATI effect (Cronbach & 
Snow, 1977; Snow, 1991). The HI children among the poor readers improved 
their reading speed most by the training focused on failures, and conversely, the 
LI children in the training focused on successes. It should be noted that the ATI 
effect was restricted to the reading speed of untrained words with an 
orthographical structure that can be characterized as more complex than the 
orthographical structure of the trained words (observed in WDT3 and NRT that 
is composed primarily of polysyllabic words). A possible cause for this 
immediate transfer to polysyllabic words may be a more efficient syllable 
processing. Poor readers tend to read longer words letter-by-letter. Possibly, as a 
result of the CVC training, the poor readers progressively shifted towards a 
more syllable-bound decoding strategy. Such a shift after training is evidenced 
for Dutch poor readers by Wentink, van Bon, and Schreuder (1997) (see also 
Huemer, Aro, Landerl, & Lyytinen, 2010). Remarkably, the improvement in 
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speed of lexical decision (LDT2) was characterized by an ATI effect that is 
opposite to the ATI effect found for reading aloud. Perhaps children who are 
focused on reading aloud are mainly concerned with assembling pronunciation 
as fast and accurately as possible, and less focused on assessing the meaning and 
semantics of the words concerned. Then, the reversed ATI effects for reading 
aloud and lexical decision point to a contrast between speed to name a word, 
and speed to judge a word’s lexicality. It is a matter of future research to 
interpret these differential ATI findings.  
An ATI effect was not found for words of the CVC structure used in the 
training. Improved reading competence in a rather transparent orthography as 
Dutch is mostly a matter of increased speed (Verhoeven & van Leeuwe, 2009) 
and low reading speed is an important characteristic of Dutch poor readers (van 
der Leij & van Daal, 1989). The transfer of increased speed of reading aloud to 
untrained words in our study, therefore, is promising. 
  Reading accuracy, on the other hand, improved equally for all children 
on CVC word reading in LDT1, on the LDT2, which uses bisyllabic words, and 
intermediately transferred to the SVT, which uses high-frequency monosyllabic 
words. Interestingly, increases in accuracy included exactly those tests (lexical 
decision and sentence verification) that assess semantic processing. This might 
reflect that the training enhanced the connection of semantic properties to 
orthographic word features (see Ehri, 1998, 1999, 2005). During training, the LI 
and HI children showed different growth trajectories in accuracy. The HI 
children improved slightly over all sessions, whereas the LI children showed 
initial stagnation after which they increased in accuracy. During training 
immediate feedback was provided on whether an item had been correct. It is an 
issue of future research to verify whether children show steeper improvement if 
scaffolding or corrective feedback is provided. Importantly, no significant speed-
accuracy trade-off occurred as an effect of the training. Evidently, gains in 
reading speed did not lead to a loss of accuracy.  
 The ATI effect found for reading speed implies that the two 
intervention approaches interact with the children’s reading level at the start of 
the training. It can be concluded, therefore, that neither of the two intervention 
approaches is superior to the other in general (cf. related studies of Eckert, 
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Dunn, & Ardoin, 2006; and Worsdell, Iwata, Dozier, Johnson, Neidert, & 
Thomason, 2005), but that the best approach depends on the reading level of 
the child. 
 As an alternative approach to assess whether our intervention had 
additional practice value, we compared the improvement in the training groups 
to normed scores. Results showed that the training groups improved more on 
the monosyllabic words that were practiced (LDT1 and WDT1) than can be 
expected from normal reading education. This suggests that the intervention 
was beneficial. Comparisons of the training groups to customary improvement 
could not be made on the non-normed SVT. However, the effect sizes for this 
test were large, which might point towards a similar improvement on an 
intermediate transfer to sentence comprehension as well.   
 To enhance fast and effortless reading for the LI children, training 
should focus on words of a type — CVC, in this case — they are able to read 
with sufficient accuracy. As the analysis of the stimuli in the last training set 
shows, these words can be considered representative for many other words of 
the same orthographic structure. They have sublexical units with a high chance 
of occurrence in the language, are characterized by high bigram frequency, and 
they typically have many and high-frequency orthographic and phonological 
neighbors. Also, children are likely to re-encounter these words in later reading, 
as they are characterized by a high frequency of use. Therefore, mastering these 
words reflects mastering a common core of (CVC) reading material. Improved 
competence in reading this common core apparently transfers to improved 
reading speed of words that are orthographically more complex. In contrast, for 
the HI children, the training approach focused on failures is the most effective 
one. Children in this training group practiced on words that can be viewed as 
being in the periphery of the CVC common core. These words have a low 
probability of occurrence in the language and their constituent sublexical units 
occur less in other words. If HI children focus on these rather uncommon and 
less familiar words, reading speed improves and transfers to untrained words 
that are orthographically more complex than the words they have practiced. 
For the HI children, these CVC words may have been more of a challenge to 
read and probably are in their zone of proximal development (Vygotsky, 1978). 
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They may involve practicing at a level of difficulty that is neither too high nor 
too low, the level at which optimal learning takes place. Perhaps, practicing on 
successes was too easy for the HI children, whereas practicing on failures was 
too hard for the LI children. Surprisingly, the training on failures did not prove 
to be most beneficial for the LI children, as would be predicted by Ehri (1998, 
1999). Rather, it seems that repeatedly practicing successes increases item-
based knowledge (Share, 1995, 1999). Improving reading speed in the HI 
children by practicing on the more demanding words is consistent with expert 
learning theories of Gobet (2005) and Ericsson (2004), who show that 
performance can be optimized by continued practice on failures accompanied 
by detailed feedback. Our results also partly underscore Podsakoff and Farh’s 
(1989) conclusion that goals that are hard to reach lead to better results than 
goals that are easy to meet.  
 The content of the different trainings was further investigated by 
exploring the characteristics of the words in the last training set. Analyses on 
the number of words show that the ATI effect is not explained by the number 
of different words children have practiced with, because children with the 
fewest words in their last training set, be it successes or failures, do not 
consistently show the greatest improvement in reading speed of untrained 
words. Thus, improvement of general reading speed is not primarily related to 
word specific training effects. This differs from a conclusion by Berends and 
Reitsma (2006) that the practical value of repeated reading with Dutch poor 
readers lies in its word specific training effects. In contrast to Berends and 
Reitsma, who only found effects on trained monosyllabic words with consonant 
clusters and no transfer effects to untrained words, our study leads to the 
contrary conclusion, that decoding many different words transfers to untrained 
words, probably by improving skill in applying GPC rules. The explanation for 
the contrasting outcomes perhaps is, that it is not so much the number of 
words in training that is crucially for improving general reading skills, but rather 
which words children practice with: either their failures or successes.  
 The training data suggest that informing students about the focus of 
the training positively affects training: Exposure durations for children informed 
about the focus of the training decreased more than for children who were not 
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informed. This is in line with studies of Swanson et al. (1999), Conte and Hintze 
(2000), and Kluger and DeNisi (1998) who stress the importance of goal-setting 
for students in education. Possibly, the informed children increased their 
learning not only through positive or negative reinforcement, but also through 
a clearer metacognitive focus on the goal of the training. However, the effect of 
informing children was not found in the pretest-posttest comparison. The 
additional effects of informing children apparently were not robust or powerful 
enough for a transfer to general reading performance. 
 It should be noted that our training improved reading speed at the 
word level and intermediately transferred to the sentence level. Improved 
reading speed at the sentence level as a result of a training targeted at the 
sentence level has been reported for poor readers (Breznitz, 2006; Karni et al., 
2005; Snellings, van der Leij, de Jong, & Blok, 2009). Our study goes beyond these 
sentence-focused trainings, as our focus on the word level affects reading speed 
at the sentence level as well. Future research should verify whether our training 
brings about not only intermediate transfer to sentence comprehension, but 
also a more distant transfer to passage reading and text comprehension as well.  
 Our study focused on increasing reading speed, because a low reading 
speed is a prime characteristic of reading disorders in languages with a 
transparent orthography. Children with reading disorders in opaque 
orthographies generally suffer more from a low accuracy. Moreover, Ehri (2005) 
indicated that children reading transparent orthographies seem to progress 
faster through developmental phases of reading fluency than children reading 
opaque orthographies. Whether children reading in an opaque language benefit 
from a differential training like we observed is an issue for future research.  
 Our study suggests that the improvement of speed reading aloud in a 
transparent orthography is closely related to both the type of words children 
practice with (common and familiar words versus uncommon and less familiar 
words) and to their initial reading level. The training approach that focuses on 
CVC words that are representative for many other CVC words, is the most 
effective for the poor readers with a low initial reading level. These readers 
constitute only a small number of the population at large: We selected the 
participating students with a reading score below the 10th percentile and 
1154  MONOSYLLABIC WORDS INTERVENTION |
 
thereafter split the group in half. Thus, our poor readers with a low initial 
reading level would constitute only 5% of the population. It is these children, 
however, who are the readers that deserve the most effort to improve their 
reading skill. 
  
  
 
 No athlete is crowned without having made an effort (Latin proverb) 
 
5 
 
Improving the Accuracy of Reading 
Bisyllabic Words that Involve Context-
Sensitive Spelling Rules: Focus on 
Successes or on Failures? 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on the article accepted for publication pending revisions: 
Steenbeek-Planting, E. G., van Bon, W. H. T., & Schreuder, R. Improving the accuracy of 
reading bisyllabic words that involve context-sensitive spelling rules: Focus on successes 
or on failures? 
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Abstract 
The effect of two training procedures on the development of reading accuracy in 
poor readers was examined. A randomized controlled trial was conducted with 60 
poor readers. Poor readers were assigned to a control group that received no 
training, or one of two training conditions. One training concentrated on the 
words the children read correctly (successes), the other on the words they read 
incorrectly (failures). They repeatedly read bisyllabic Dutch words, and half of the 
training words involved context-sensitive spelling rules (vowel degemination or 
consonant gemination). Some children repeatedly read their successes, others 
their failures. The training used a computerized flashcards format. The exposure 
duration of the words was varied to maintain an accuracy rate at a constant 
level. 
Reading accuracy improved for the training groups more than for the 
control group and transferred to untrained words. Moreover, children in the 
training group were able to correctly identify words with a shorter exposure 
duration than the control group, suggesting more efficient word processing after 
training. For children with low initial reading level, to improve reading accuracy of 
highly challenging bisyllabic words that follow context-sensitive spelling rules, a 
training focus on failures was superior over a training focus on successes. For 
children with a high initial reading level, improvement was not differential.  
 
 
Introduction 
The present study aims to optimize the training of poor readers of an 
orthographically transparent language, Dutch. It investigates the effects of 
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training on bisyllabic words in general, and more specifically, on bisyllabic words 
that follow complex context-sensitive spelling rules. The study contrasts a 
training method focused on words read correctly (successes) with a training 
method focused on words read incorrectly (failures).  
In Dutch, the orthographic representation of many polysyllabic words 
involves not only context-free grapheme-phoneme conversion rules, but 
contextual or morphological rules as well. Our focus is on improving the 
reading of bisyllabic words in general, and specifically words that follow 
context-sensitive spelling rules that involve consonant gemination or vowel 
degemination. The spelling rule of consonant gemination is similar to the 
English principle of maintaining phonological integrity of a lax vowel by 
doubling the final consonant of a one-syllable word when inflectional 
morphemes containing a schwa are added (strip, stripped vs. striped; scrap, 
scrapped vs. scraped). Likewise, in Dutch the contrast between tense and lax 
vowels in open syllables is expressed by single and double consonant letters. A 
lax vowel in a closed syllable is represented by a single vowel letter. If it is 
followed by a single consonant letter in longer words, as is the case in for 
example plural formation by adding the suffix –en to the singular, this 
consonant is geminated (e.g., bel + en  bellen [bells]). A further complicating 
factor is that in a closed syllable a tense vowel is represented by a vowel 
geminate. If the coda position of the closed syllable is represented by a single 
consonant letter, and the morpheme –en is added, the closed syllable becomes 
an open syllable, and the vowel is degeminated (e.g., naam + en  namen 
[names])8. As for the spelling of bissylabic compounds, morphological integrity 
is maintained for the constituents, and vowel degemination and consonant 
gemination is not applied here (e.g., nood + arts  noodarts [emergency 
doctor]; ver + af  veraf [far away]).  
The development of word decoding skills in Dutch readers has been 
argued to be largely a matter of increased reading speed (Verhoeven & van 
Leeuwe, 2009). Reading accuracy increases rapidly from the beginning of 
reading instruction and tapers off thereafter. Verhoeven, Schreuder, and Baayen 
(2006) studied the development in reading bisyllabic words, specifically words 
following context-sensitive spelling rules. These spelling rules, which are 
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explicitly taught in grade 2, can be applied in writing almost without exceptions, 
but their application in reading complicates word identification for third and 
sixth graders and even adults. Interestingly, vowel degemination (naam – 
namen) has a larger negative effect than consonant gemination (bel – bellen), 
especially in low-frequency words, suggesting that the reading of words that 
involve vowel degemination does not follow the developmental pattern of 
reading acquisition as described by Verhoeven and van Leeuwe (2009). The 
identification of these words can be improved not only with respect to reading 
speed, but also with respect to reading accuracy for readers in the elementary 
grades.  
A complicating factor in Dutch is that more than 25% of the CVC(C)VC 
words that follow context-sensitive spelling rules have an othographic look-
alike: some forms with a geminated consonant (bom + en  bommen [bombs]) 
have an orthographic look-alike with a degeminated vowel (boom + en  
bomen [trees]). In Chapter 3, we investigated children’s stability of reading 
errors, and found that it is extra complicated for children to identify these 
words. The orthographic look-alike bommen apparently functioned as a 
competitor when reading bomen and vice versa. For children learning to read, 
the complicating factor is that if they try to decode bomen by only applying 
grapheme-phoneme correspondence rules, and not any context-sensitive 
spelling rules, they easily misread the word as the existing word bommen. In 
Chapter 3 we also observed that whereas typical readers were able to 
automatize their reading of high-frequency words that follow vowel 
degemination, poor readers seemed to fail to do so. Thus, while for typical 
readers the identification of words involving vowel degemination, especially 
those words with a competitor, was rather difficult, poor readers seemed to be 
in a particularly disadvantageous position. Could training improve poor reader’s 
identification of bisylabic words in general, and words involving context-
sensitive spelling rules specifically? 
To improve the identification of single words, repetition is considered to 
be a key element, next to other measures such as providing immediate and 
corrective feedback, direct instruction, and scaffolding (see e.g., Chard, Vaughn 
& Tyler, 2002; Kuhn & Stahl, 2003; Meyer & Felton, 1999; Swanson, 1999; 
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Swanson, Hoskyn, & Lee, 1999), with poor readers requiring more practice than 
normally developing children to speedily identify words (Reitsma, 1983). If 
repetitive practice is important, the question needs to be answered which words 
should be repeated: words that are read correctly, or words that appear to offer 
some difficulty, as they are read erroneously. In chapter 4 we addressed this 
question in a flashcard training study with regularly spelled CVC words. One 
training concentrated on the children’s successes, the other on their failures. 
Reading speed improved and transferred to untrained, orthographically more 
complex words. These transfer effects were characterized by an Aptitude-
Treatment Interaction (see Cronbach & Snow, 1977; Kanfer & Ackerman, 1989; 
Snow, 1991). Poor readers with a low initial reading level improved most in the 
training focused on successes. For poor readers with a high initial reading level, 
however, it appeared to be more profitable to practice on their failures.  
In order to test the generality of our earlier findings reported in Chapter 
4, we will extend the training study of Chapter 4 to bisyllabic words with a 
phonological CVC(C)VC structure, including words following context-sensitive 
spelling rules. Focusing on successes is operationalized as it was in Chapter 4, by 
removing from the training set words that were read incorrectly during 
flashcard training sessions. In the training focusing on failures, words read 
correctly during the training are removed from the training set. 
This research seeks to answer the following questions: Which training is 
most efficient and effective in improving the reading accuracy and speed of 
words that follow context-sensitive spelling rules, a training focused on failures 
or a training focused on successes? Are the training outcomes for these more 
complex words also related to the children’s initial reading level?  
The questions are answered by using a randomized controlled trial 
design, in which children are randomly assigned to one of three conditions: a 
flashcard training focused on successes, a flashcard training focused on failures, 
or a non-training control group. In both training conditions, children receive 
immediate feedback that qualifies each oral reading response as correct or 
incorrect. 
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Method 
Participants 
Poor readers (n = 60, of whom 36 male) were selected from two primary 
schools for special education. Children are in this type of education (see 
Eurybase, 2008) because of learning disabilities, mild mental retardation or mild 
behavioral problems. The majority of these students (73%, according to van 
Bon, Bouwmans, & Broeders, 2006) are poor readers. To ensure a sample of 
children with only learning disabilities, children with mental retardation or 
behavioral problems were excluded from participation. Formal reading curricula 
in these and other Dutch primary schools are based on phonics instruction and 
starts in grade 1. 
Children were defined as poor readers if they scored below the 10th 
percentile for their grade level on a Word Decoding Test (WDT, see below for a 
description of the tests). They also scored below the 10th percentile for their 
grade level on a Lexical Decision Test (LDT) or below the 12th percentile for 
their grade level on a Nonword Reading Test (NRT). Children were in Grade 2 to 
6, and able to sound out the graphemes according to the Dutch grapheme-
phoneme correspondence rules, had Dutch as their first language, and did not 
have any diagnosed neurological problems, nor a speech, hearing or visual 
impairment. These children were also classified as poor readers by their 
teachers, who considered the reading problems of these children as not caused 
by behavioral problems. Parents were informed about the participation of the 
children.  
Children were randomly assigned to one of the three conditions: a 
control group that did not receive training, a training focusing on successes, or a 
training focusing on failures. Table 1 provides an overview of characteristics of 
the experimental subgroups. Boys and girls were evenly distributed over 
experimental groups. The groups were evenly distributed across schools and 
classes to reduce school-specific or teacher-specific effects.  
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Table 1 Composition of the Experimental Groups on Gender, Mean Age and 
Reading Instruction (RI) in months (Standard Deviations in Parentheses). 
 Low Initial Level  High Initial Level 
 Failures  
(n = 10) 
Successes  
(n = 9) 
Control  
(n = 11) 
 Failures  
(n = 10) 
Successes  
(n = 11) 
Control  
(n = 9) 
 M SD M SD M SD  M SD M SD M SD 
Age  119 (10) 121 (11) 120 (15)  127 (13) 130 (13) 138 (12) 
RI  36 (9) 33 (9) 32 (12)  38 (12) 39 (10) 49 (11) 
Gender 6 M / 4 F 4 M / 5 F 6 M / 5 F  7 M / 3 F 9 M / 2 F 4 M / 5 F 
 
 
In order to assess whether Aptitude Treatment Interaction effects of 
initial reading level applied to our data, children were qualified as having either 
a high initial reading level (HI) or a low initial reading level (LI), based on their 
reading score on the WDT prior to intervention. Thirty children with a 
composite score at or below the median (48 words read correctly per minute,) 
were considered LI children; 30 children with a composite score above the 
median formed the group of HI children11.  
The groups did not differ in age (F < 1), number of months of formal 
reading instruction (F < 1), and on any pretest score, both as to composite 
scores as well as to the disaggregated component scores for accuracy and speed 
(F < 1 for all tests). The training groups did not differ on these variables either 
when analyses were conducted separately for LI children and HI children (Fs < 
1). The HI children performed better than the LI children on all pretests, both 
on the composite scores (F (3, 56) = 46.17, p < .001, ηp2 = .71), as well on the 
component scores for accuracy (F (3, 56) = 13.56, p < .001, ηp2 = .42) and speed 
(F (3, 56) = 45.56, p < .001, ηp2 = .71). The LI children had received fewer months 
of reading instruction — on average 9 months — than the HI children (F (1, 58) 
= 7.87, p < .01, ηp2 = .12), and they were younger — on average 11 months — 
than the HI children (F (1, 58) = 11.60, p < .01, ηp2 = .17). 
 
Procedure and instruments 
Computerized Flashcard Training 
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Stimuli in the training set.  
Words with a phonological CV(C)CVC structure were selected from the 
Celex Database (Baayen, Piepenbrock, & van Rijn, 1993). The selected words 
were lemmas and word forms that can occur independently in a language (i.e., 
singular and plural nouns, uninflected verbs, adjectives, adverbs, and numbers). 
The selected words included lemmas and word forms that are 
monomorphemic (vogel [bird]) and morphologically complex (boek + ing  
boeking [booking]). Proper names and words with a non-Dutch orthography or 
phonology were eliminated (see Nunn, 1998).  
The selected words were classified in the following categories. 
Grapheme-phoneme correspondence rules and context-sensitive spelling rules 
apply to words in the categories 1 and 2, whereas words of the categories 3 and 
4 can be read by the application of grapheme-phoneme correspondence rules. 
(1a)  Degemination of the first vowel (bomen [trees, to dispute aimlessly]), 
with a competitor (see 2a).  
(1b)  Degemination of the first vowel (namen [names]), without a 
competitor. 
(2a)  Consonant gemination at the syllable boundary (bommen [bombs, to 
bomb]), with a competitor (see 1a).  
(2b)  Consonant gemination at the syllable boundary (bellen [bells, to ring]), 
without a competitor. 
(3)  Two different consonant letters at the syllable boundary (kasten 
[cupboards]), no consonant gemination applied. 
(4) A vowel digraph in the first vowel position (houding [position]), no 
degemination of the first vowel applied. 
 
In the Celex Database, 2303 words met all criteria. For training purposes, 
1000 words were sampled without replacement, 250 words out of each category 
(1a and 1b taken as one sampling category, likewise for 2a and 2b; see Appendix 
D). Sampling chance was proportional to a word’s token frequency. Thus, the 
higher the frequency of occurrence of a word, the higher its possibility of being 
selected.  
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General training setup. The training consisted of 11 sessions of 
approximately twenty minutes each. Children practiced individually once or 
twice a week. The training used the flashcards format of van den Bosch, van Bon 
and Schreuder (1995). In each training session 100 words were presented, 
randomly selected without replacement from the training set, one at a time on 
a computer screen. Children were instructed to name the presented word as 
accurately and as fast as possible. At the end of the 11 sessions, each child had 
thus read 1100 times a word from the training set. Words were presented in 
black, lower case letters (Arial, size 48) on a white background in the centre of 
the 14” screen of a laptop computer. The letters had a height of approximately 
1.5 cm and words ranged from 6.5 cm in length (words with five letters) to 12 
cm (words with nine letters). The child was seated in front of the computer 
screen, at a distance of approximately 60-80 cm. 
The exposure duration of the words was varied to maintain the 
accuracy rate at a constant level. After each trial, the reading accuracy of the 
last word and the previous five words were evaluated. The exposure duration of 
the next word was increased by 17 ms if four or more words out of these six had 
been read incorrectly, and was decreased by 17 ms if five or six out of the six 
words were read correctly. In the other cases (three or four correct), exposure 
duration remained unchanged. In this way, the accuracy rate was maintained at 
approximately 67%. Each session started with the exposure duration the 
previous session ended with. The first session started with the exposure 
duration the Training Test (see pre- and posttests) ended with.  
Each word was preceded by a fixation cross (a +) in the center of the 
screen for 800 ms. After a blank screen for 200 ms, the word was presented with 
varying exposure duration. The word was followed by hash marks (########) in 
order to prevent further visual processing of the letter string. As soon as a voice 
key registered a verbal response, the hash marks disappeared and were followed 
by visual feedback (1000 ms). The visual feedback on the screen indicated 
whether the verbal response was correct (smiley) or incorrect (sad face). At the 
end of each session, the child was shown a computer graph that depicted the 
presentation times of the words read in the current and in the previous 
sessions, and the meaning of the graph was explained if necessary. This graph 
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visualized the child’s progress and should have motivated the children to 
perform well (Kluger & DeNisi, 1996).  
Each session started with a practice block of six randomly chosen words 
from the set of 2302 words that were not sampled for training purposes.  
 
Training conditions. Children received training according to two 
different conditions (successes or failures). In each session, 100 words, taken 
randomly from the training set (initial n = 1000), were presented. For children 
in the successes condition, the words read incorrectly during the training 
session were removed from the training set. Words read correctly were returned 
to the training set for possible repeated sampling in the next sessions. In the 
next session, again 100 words were randomly taken from the remaining training 
set. This procedure was applied for all 11 training sessions. For the children in 
the failures condition, words read correctly during the training session were 
removed, and words read incorrectly were returned to the training set. Children 
were explicitly shown, reminded by graphics and a short movie14, and told at 
the beginning of each session that they were practicing on their past successes 
and new items, or on their past failures and new items. 
The correctness of verbal responses was recorded by the experimenter, 
and stored in the computer by means of a buttonbox.  
 
Pre- and Posttests 
Children were screened for selection with the LDT and thereafter, the 
WDT and NRT were additionally used for selection. These tests also served as 
pretest. Additionally, two reading tests were administered: a Training Test and a 
Sentence Verification Test (SVT). Parallel versions of the tests were used at the 
posttest. 
 
 Training Test.  The Training Test assessed reading accuracy and reading 
speed of words used in the training. This test consisted of a 100 words that were 
randomly selected without replacement from the training set (same stimuli for 
all participants). Words were presented one by one on a computer screen.  
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To determine an exposure duration that suited the child’s capacity, a 
nil-session was held prior to the pretest (see van den Bosch, 1995). Each child 
started the nil-session with an exposure duration of 350 ms. After ten trials, the 
exposure duration was decreased to 250 ms if the child read eight or more 
words correctly. When less than eight words were read correctly, the exposure 
duration was increased to 400 ms. In three subsequent blocks of 10 words, the 
exposure duration was fine tuned to an exposure duration ranging between 40 
ms to 1000 ms. Words in the nil-session were of the same orthographic 
structure as the words used in the training. They did not return in training 
sessions, nor in the Training Test. The pretest started with the exposure 
duration the nil-session ended with. For the children in the control condition, 
the posttest started with the exposure duration the pretest ended with. For the 
children who followed training, the posttest started with the exposure duration 
the last training session ended with. 
In the Training Test, exposure duration was varied in the same way as in 
the training (see above). Reading accuracy and reading speed were recorded in 
the same way as it was during the training. No feedback was given on the child’s 
response.  
 
Lexical Decision Test (LDT). The students completed a standardized 
paper-and-pencil Lexical Decision Test, the ‘Doorstreepleestoets’ (van Bon, 
2007). The LDT involves a card with 90 bisyllabic nouns and 30 bisyllabic 
pseudowords randomly distributed over four columns. Students silently read 
the items and crossed out every pseudoword. The composite score is the 
number of words judged within a minute minus the number of errors. Test–
retest reliability for Grades 1 to 3 is .82 (van Bon, 2007; van Bon, Hoevenaars, & 
Jongeneelen, 2004). 
  
Word Decoding Test (WDT). A standardized word reading test, the 
‘Drie-Minuten-Toets’ [Three One-Minute Tests] (Verhoeven, 1995) was 
administered to assess the oral reading abilities for words presented in isolation. 
This test consists of a card with two-, three-, and four-syllable words listed in 
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columns. The composite score is the number of words read correctly in one 
minute. Cronbach’s α for this test is .92 (Verhoeven & van Leeuwe, 2003).  
 
Nonword Reading Test (NRT).  In order to assess the decoding ability of 
the students for pseudowords, a standardized nonword reading test was 
administered (van den Bos, Lutje Spelberg, Scheepstra, & de Vries, 1994). The 
test consists of pseudowords of increasing length. The test score is the number 
of nonwords read correctly in two minutes. The parallel reliability is good, .93 
and above (van den Bos et al., 1994). 
 
Sentence Verification Test (SVT). In order to determine word reading 
skill in sentence context and comprehension skill, a computerized sentence 
verification task derived from van den Bosch et al. (1995) and Wentink (1997) 
was used. Thirty semantically correct sentences (e.g., De honden rennen naar de 
bal. [The dogs run to the bal.]) and fifteen semantically incorrect sentences (e.g., 
De tuinen koken soep. [The gardens are cooking soup.], see Appendix F) were 
presented one-by-one on a computer screen in random order. Sentences 
consisted of high-frequency monosyllabic and bisyllabic words. Children were 
asked to silently read the sentences as quickly and accurately as possible, and 
then to judge the sentences as meaningful or not meaningful by pressing a 
button. Thereafter, the sentence disappeared and a new sentence appeared on 
the screen. A blank screen of 2 seconds appeared in between the presentation 
of the sentences. Children got acquainted with the test by judging four training 
sentences. There were no time limitations to this task and no feedback was 
given. The score is the percentage of correctly judged sentences. SVT responses 
and latencies were recorded by a laptop. 
 
 
Results 
First we present data on word reading collected during the flashcard 
training. The stimuli changed from session to session for each individual, and 
therefore we answer the questions whether the content of the training differed 
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for the two training groups with respect to the number of words, their word 
characteristics and the distribution of the different word categories in the last 
training set. Changes during the training are explored by investigating the 
accuracy scores and exposure durations from the first to the last training 
session. Comparisons are made with respect to Training Condition (successes 
versus failures), and Initial Level (high versus low). 
Second, we investigate whether the two training groups and the control 
group improved differently on direct and transfer measures of word reading 
skills. We conduct repeated measures MANOVAs with the pre- and posttest 
component scores for reading speed and accuracy on trained words, and 
untrained LDT, WDT, NRT, and SVT as dependent variables. Between-subjects 
factors are Training Condition (successes versus failures versus control), and 
Initial Level (high versus low). Time (pretest versus posttests) is the within-
subjects factor. 
 
The Flashcard Training 
Stimuli of the Last Training Set 
 The stimuli in the last training set are described in Table 2. An ANOVA 
was conducted with Number of words in the last training set as a dependent 
variable and Training Condition and Initial Level as between-subjects factors. A 
main effect of Training Condition (F (1, 36) = 200.19, p < .001, ηp2 = .85) was 
further qualified by an interaction of Training Condition by Initial Level (F (1, 
36) = 26.95, p < .001, ηp2 = .43). Post hoc tests with Bonferroni correction 
showed that children in the successes condition had more words in their last 
training set than children in the failures condition (see Figure 1), both for the LI 
children (p < .001) and HI children (p < .001). As for the children in the 
successes condition, the LI children had less words in their last training sets than 
the HI children (p < .001). As for the children in the failures condition, the 
reversed pattern seemed to appear with the LI children having more words in 
their last training set than the HI children, however this difference was not 
significant (p > .05). Thus, the difference in number of words between groups in 
the failures versus the successes condition was largest for the HI children and 
smallest for the LI children.  
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Table 2 Characteristics of the W
ords in the Training Set of Session 11 w
ith Respect to the N
um
ber of W
ords, divided 
up into Percentages for Each W
ord Category, and W
ord Characteristics of the W
ords in this Training Set. D
ata are 
presented for the Training Focused on Failures and on Successes, Split to Children w
ith a Low
 and H
igh Initial Level. 
    
Range 
 
Training G
roups 
 
 
 
Low
 Initial Level 
H
igh Initial Level 
 
 
 
Failures 
Successes 
Failures 
Successes 
 
 
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
N
um
ber of w
ords   
290 - 632 
 
359.40 
34.64 
464.78 
40.37 
318.10 
19.67 
545.64 
47.18 
W
ord category 
 
 
 
 
 
 
 
 
 
 
   D
+ 
2.16 – 10.63 
 
8.10 
1.81 
3.72 
0.90 
7.95 
1.40 
4.57 
0.95 
   D
- 
12.97 – 32.48 
 
23.55 
2.56 
16.57 
2.13 
23.56 
3.64 
19.44 
2.03 
   G
+ 
1.63 –  9.58 
 
5.84 
2.08 
6.94 
1.45 
5.72 
1.50 
5.83 
0.81 
   G
- 
12.22 – 23.43 
 
17.41 
1.24 
21.28 
2.44 
16.76 
2.25 
19.38 
1.38 
   C
C
 
19.76 – 33.45 
 
24.40 
2.64 
21.90 
1.49 
26.67 
3.79 
24.35 
2.12 
   D
I 
15.67 – 34.20 
 
20.69 
2.38 
29.60 
2.82 
19.34 
2.41 
26.43 
1.72 
W
ord C
haracteristics 
 
 
 
 
 
 
 
 
 
 
   W
ord frequency 
-1.32 – 4.05 
 
0.96 
0.82 
1.21 
0.86 
0.92 
0.81 
1.23 
0.85 
   W
ord length 
5 – 8 
 
5.80 
0.60 
5.86 
0.48 
5.80 
0.60 
5.82 
0.49 
   M
ean log bigram
 frequency 
11.95 – 15.46 
 
14.14 
0.53 
14.19 
0.49 
14.16 
0.53 
14.20 
0.50 
   N
eighborhood size 
0 – 23 
 
7.01 
5.44 
7.92 
5.06 
6.82 
5.34 
7.90 
5.15 
   W
F of orthographic neighbor 
-1.32 – 4.05 
 
1.54 
1.14 
1.71 
1.03 
1.51 
1.14 
1.72 
1.05 
N
ote. D
+ = D
egem
ination of the first vow
el w
ith a com
petitor (see G
+); G
+
 = C
onsonant gem
ination at the syllable boundary w
ith a 
com
petitor (see D
+); D
- = D
egem
ination of the first vow
el w
ithout a com
petitor; G
- = C
onsonant gem
ination at the syllable boundary 
w
ithout a com
petitor; C
C
 = Tw
o different consonants at the syllable boundary; D
I = A
 vow
el digraph in the first vow
el position; W
F of 
orthographic neighbor = W
ord frequency of the m
ost frequent orthographic neighbor; W
ord frequency is presented log transform
ed.
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Figure 1 Mean Number of Words in the Training Set of the Last Session for 
Children with a Low and a High Initial Reading Level in the Training Focused on 
Failures and on Successes. 
 
 
Next, we analyzed the lexical and sublexical characteristics of the words: 1) 
frequency (i.e., the natural logarithm of a word’s frequency per million, Baayen 
et al., 1993), 2) length, 3) mean log bigram frequency, 4) number of 
orthographic neighbors (i.e., words differing in one letter), and 5) frequency of 
the most frequent orthographic neighbor. To avoid collinearity among these 
variables (the condition number was too high (132) according to Belsley, 1991) 
we regressed length, bigram frequency, neighborhood size, and frequency of the 
most frequent neighbor on word frequency. The original variables were 
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replaced by their residualised ones (henceforth length residuals, bigram 
residuals, neighborhood size residuals and neighbor frequency residuals). These 
residuals did not correlate with word frequency, but they still highly correlated 
with their original raw scores. No collinearity was found among the variables. 
The condition index was low (3), and tolerance and the variance inflation factor 
were acceptable (respectively > .40 and < 2.5; see Allison, 1999). 
 The variables frequency, length residuals, bigram residuals, 
neighborhood size residuals and neighbor frequency residuals were entered as 
dependent variables into a multivariate analysis of variance. Training Condition 
and Initial Level were the between-subjects variables. A multivariate main effect 
of Training Condition (F (5, 16380) = 4129.91, p < .001, ηp2 = .04) was found. 
Univariate effects indicated that words trained on by children in the successes 
condition had a higher frequency (F (1, 16384) = 408.17, p < .001, ηp2 = .02), were 
longer in length (F (1, 16384) = 42.32, p < .001, ηp2 < .01), had a larger 
neighborhood size (F (1, 16384) = 73.46, p < .001, ηp2 < .01), and had higher 
frequency neighbors (F (1, 16384) = 52.28, p < .001, ηp2 < .01) than words trained 
on by children in the failures condition. Groups did not differ with respect to 
bigram frequency of the words trained on (F < 1). As for the multivariate main 
effect of Initial Level (F (5, 16380) = 3.13, p < .01, ηp2 < .01), and the interaction 
of Training Condition by Initial Level (F (5, 16380) = 2.76, p < .05, ηp2 < .01), post 
hoc comparison with Bonferroni correction showed that for the children in the 
successes condition, the HI children read words that were shorter than the LI 
children (p < .01). No other comparisons were significant.  
Thereafter, we analyzed how the word categories were represented in 
the last training set (see Table 2). A MANOVA was conducted with the 
percentage of words of the six word categories as dependent variables (vowel 
degemination with a competitor, vowel degemination without a competitor, 
consonant gemination with a competitor, consonant gemination without a 
competitor, consonant cluster, vowel digraph). Training Condition and Initial 
Level were the between-subjects factors. A multivariate main effect of Training 
Condition was found (F (5, 32) = 30.56, p < .001, ηp2 = .83). Univariate analyses 
indicated that the main effect was significant for all word categories, except for 
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consonant gemination with a competitor (F (1, 36) = 1.56, p > .05, ηp2 = .04). The 
children in the failures condition had a higher percentage of the three 
categories vowel degemination with a competitor (F (1, 36) = 86.13, p < .001, ηp2 
= .71), vowel degemination without a competitor (F (1, 36) = 43.20, p < .001, ηp2 
= .55), and consonant cluster (F (1, 36) = 8.17, p < .01, ηp2 = .19) in their last 
training set than the children in the successes condition. In contrast, the 
children in the successes condition had a higher percentage of words pertaining 
to the word categories consonant gemination without a competitor and vowel 
digraph in their last training set than children in the failures condition (F (1, 36) 
= 29.91, p < .001, ηp2 = .45, and F (1, 36) = 116.72, p < .001, ηp2 = .76 respectively). 
The multivariate main effect of Initial Level was significant as well (F (5, 32) = 
3.55, p < .05, ηp2 = .36). Univariate analyses indicated that the word sets of LI 
children consisted of more words in the categories consonant gemination 
without a competitor (F (1, 36) = 4.65, p < .05, ηp2 = .11) and vowel digraph (F (1, 
36) = 9.28, p < .01, ηp2 = .21) than the words sets of HI children. In contrast, 
words with a consonant cluster were more represented in the word sets of the 
HI children than the LI children (F (1, 36) = 7.81, p < .01, ηp2 = .18). The 
multivariate interaction effect of Training Condition by Initial Level was not 
significant (F < 1). To summarize, children in the failures condition 
concentrated their training more on words with vowel degemination (with and 
without a competitor) and two consonant letters; children in the successes 
condition concentrated their training more on words with consonant 
gemination without a competitor and words with a vowel digraph. Words with 
a vowel digraph and consonant gemination without a competitor were more 
represented in the word sets of LI children, words with two consonant letters in 
the word sets of HI children.  
 
Accuracy during Flashcard Training 
A repeated measures ANOVA was conducted with the percentage 
correct of each session as a dependent variable (see Table 3).  
 
134 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
 
 
Table 3 Means and Standard Deviations of Reading Accuracy (in Percentages) in 
each Training Session of the Training Groups.  
 Low Initial Level   High Initial Level  
Session Failures  Successes  Failures ‘Successes 
 M SD M SD  M SD M SD 
1 56.50 5.23 49.22 6.36  56.61 4.62 59.91 3.86 
2 55.30 5.89 52.44 8.44  58.80 2.53 57.73 2.65 
3 53.65 4.70 52.00 7.97  58.00 2.21 60.91 4.83 
4 56.10 4.15 51.28 11.91  58.50 3.54 58.45 3.83 
5 55.49 4.77 57.44 3.91  57.40 3.92 62.55 4.68 
6 54.60 5.78 54.46 5.25  56.50 2.99 62.27 7.09 
7 56.77 4.12 57.67 5.50  55.70 4.50 61.64 3.98 
8 56.40 6.08 55.44 9.22  56.40 3.47 64.45 4.84 
9 51.00 5.48 58.00 7.23  58.40 3.92 65.91 6.28 
10 53.48 4.43 62.56 7.40  55.80 3.39 64.91 7.30 
11 53.40 7.34 62.89 7.98  58.50 5.17 68.18 10.46 
 
 
Time (Session 1 to Session 11) was entered as a within-subjects factor. 
Between-subjects factors were Training Condition and Initial Level. Results 
showed main effects of Time (F (10, 27) = 2.38, p < .05, ηp2 = .47), and Initial 
Level (F (1, 36) = 21.75, p < .001, ηp2 = .38), indicating that the HI children had 
higher accuracy scores than the LI children. Also a main effect of Training 
Condition was found (F (1, 36) = 9.49, p < .01, ηp2 = .21), showing that the 
children in the successes condition had higher accuracy scores than the 
children in the failures condition (see Figure 2). An interaction of Time by 
Training Condition was also found (F (6.39, 308.07) = 7.10, p <.001, ηp2 = .17, 
Huyn-Feldt correction applied, see Keselman et al., 1998). Tests of within-
subjects contrasts (polynomial) showed an interaction of Time by Training 
Condition at the linear level only (F (1, 36) = 37.37, p < .001 ηp2 = .51). The 
children in the successes condition increased their accuracy scores during the 
training (F (6.68, 126.93) = 7.98, p < .001 ηp2 = .30; with Huyn-Feldt correction). 
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This increase was linear (F (1, 19) = 33.89, p < .001 ηp2 = .64), whereas children in 
the failures condition did not improve their accuracy scores (F < 1). No 
interaction effect of Time by Initial Level, or Time by Initial Level by Training 
Condition were found (Fs < 1). 
 
Figure 2 Mean Accuracy Score (in Percentages) of each Training Session for 
Children in the Training Focused on Failures and Successes. 
 
 
Exposure Duration during Flashcard Training 
A repeated measures ANOVA was conducted with the median log 
exposure duration of each session (see Table 4) as a dependent variable, Time 
(Session 1 to Session 11) as a within-subjects factor, and Training Condition and 
Initial Level as between-subjects factors  
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Table 4 Means and Standard Deviations of Exposure Duration (in Milliseconds) 
in each Training Session of the Training Groups.  
 Low Initial Level   High Initial Level  
Session Failures  Successes  Failures ‘Successes 
 M SD M SD  M SD M SD 
1 799 466 988 485  290 145 188 107 
2 874 654 1131 557  205 110 170 111 
3 966 690 1120 503  212 126 129 78 
4 949 723 1219 550  219 108 133 49 
5 1046 910 1396 804  213 132 104 55 
6 1175 1064 1342 712  249 133 117 125 
7 1169 946 1359 693  227 123 127 141 
8 1082 833 1271 721  268 104 118 133 
9 1103 819 1161 783  272 134 79 60 
10 1262 887 1254 1026  306 217 96 45 
11 1357 958 1057 824  291 73 67 18 
 
 
Results showed a main effect of Initial Level (F (1, 36) = 79.58, p < .001, 
ηp2 = .69), indicating that the HI children had shorter exposure durations than 
the LI children. No other main effects were found (Time (F < 1), Training 
Condition (F (1, 36) = 2.10, p > .05, ηp2 = .06)). Two interaction effects were 
found: Time by Training Condition (F (6.01, 216.35) = 5.49, p < .001, ηp2 = .13, 
Huynh-Feldt correction applied), and Time by Initial Level (F (6.01, 216.35) = 
2.47, p < .05, ηp2 = .06, Huynh-Feldt correction applied). Tests of within-subjects 
contrasts (polynomial) showed an interaction of Time by Training Condition at 
the linear level only (F (1, 36) = 14.50, p < .001, ηp2 = .29), and an interaction of 
Time by Initial Level at the quadratic level only (F (1, 36) = 6.31, p < .05, ηp2 = 
.15). The children in the successes condition decreased their exposure duration 
during the training (F (5.87, 111.52) = 5.20, p < .001 ηp2 = .22; with Huyn-Feldt 
correction). This decrease was linear (F (1, 19) = 15.05, p < .01 ηp2 = .44). In 
contrast, for children in the failures condition exposure duration did not 
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decrease (F (5.13, 111.52) = 1.76, p > .05, ηp2 = .09; with Huyn-Feldt correction)). 
This is illustrated in Figure 3. Figure 4 shows that the exposure durations of the 
HI children decreased over the training sessions (F (5.55, 111.90) = 2.25, p < .05 
ηp2 = .10; with Huyn-Feldt correction), and this decrease was quadratic (F (1, 20) 
= 4.44, p < .05 ηp2 = .18). The exposure duration of the LI children, in contrast, 
did not change over the sessions (F < 1). The interaction of Time by Training 
Condition by Initial Level was not significant (F < 1).  
To summarize, the children in the failures condition needed longer 
exposure durations during the training to maintain the same level of accuracy. 
Children in the successes condition, in contrast, gained higher accuracy scores, 
even if the exposure durations became shorter. 
Figure 3 Log Transformed Mean Exposure Duration in each Training Session for 
Children in the Training Focused on Failures and Successes.  
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Figure 4 Log Transformed Mean Exposure Duration of each Training Session for 
Children with a Low and High Initial Reading Level.  
 
 
Pre- and Posttests 
Trained words 
To investigate whether children improved their reading of words in the 
training set, a repeated measures ANOVA was conducted with the accuracy 
scores of the Training Test as dependent variable. Between-subjects factors 
were Training Condition (control versus successes versus failures) and Initial 
Level (high versus low). Time (pre- versus posttest) and Word Category (vowel 
degemination with a competitor, vowel degemination without a competitor, 
consonant gemination with a competitor, consonant gemination without a  
1395  BISYLLABIC WORDS INTERVENTION |
 
 
Ta
bl
e 
5 
Pr
et
es
t a
nd
 P
os
tt
es
t R
ea
di
ng
 A
cc
ur
ac
y 
(P
er
ce
nt
ag
e 
Co
rr
ec
t)
 o
f W
or
ds
 in
 th
e 
Tr
ai
ni
ng
 T
es
t, 
fo
r E
ac
h 
W
or
d 
Ca
te
go
ry
 a
nd
 E
xp
er
im
en
ta
l G
ro
up
. 
Lo
w
 In
iti
al
 L
ev
el
 
W
or
d 
C
at
eg
or
y 
Fa
ilu
re
s  
(n
 =
 1
0)
 
Su
cc
es
se
s  
(n
 =
 9
) 
C
on
tr
ol
  (
n 
= 
11
) 
 
Pr
et
es
t 
Po
st
te
st
 
Pr
et
es
t 
Po
st
te
st
 
Pr
et
es
t 
Po
st
te
st
 
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
D
+ 
35
.1
4 
48
.4
0 
52
.5
0 
50
.5
7 
38
.8
9 
49
.4
4 
30
.3
0 
46
.6
7 
36
.3
6 
48
.6
6 
31
.8
2 
47
.1
2 
D
- 
53
.8
5 
50
.5
0 
63
.1
6 
48
.8
9 
60
.0
0 
49
.7
1 
63
.8
9 
48
.7
1 
61
.3
6 
49
.2
5 
70
.4
5 
46
.1
5 
G
+ 
51
.8
9 
50
.2
0 
63
.2
1 
48
.4
5 
30
.3
0 
46
.1
9 
53
.0
6 
50
.1
6 
32
.2
3 
46
.9
3 
38
.0
2 
48
.7
4 
G
- 
43
.5
4 
49
.6
7 
67
.2
7 
47
.0
1 
34
.1
3 
47
.5
1 
55
.8
7 
49
.7
6 
45
.9
0 
49
.9
1 
50
.4
9 
50
.0
8 
C
C
 
32
.7
8 
47
.0
7 
68
.2
8 
46
.6
6 
29
.5
9 
45
.7
8 
40
.5
9 
49
.2
5 
29
.8
1 
45
.8
5 
38
.7
6 
48
.8
4 
D
I 
44
.0
0 
49
.7
2 
71
.1
3 
45
.3
8 
42
.9
5 
49
.5
8 
62
.2
9 
48
.5
5 
44
.3
5 
49
.7
5 
51
.3
5 
50
.0
5 
H
ig
h 
In
iti
al
 L
ev
el
 
 
Fa
ilu
re
s  
(n
 =
 1
0)
 
Su
cc
es
se
s (
n 
= 
11
) 
C
on
tr
ol
  (
n 
= 
9)
 
 
Pr
et
es
t 
Po
st
te
st
 
Pr
et
es
t 
Po
st
te
st
 
Pr
et
es
t 
Po
st
te
st
 
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
D
+ 
35
.0
0 
48
.3
0 
42
.5
0 
50
.0
6 
45
.4
5 
50
.3
7 
54
.5
5 
50
.3
7 
63
.8
9 
48
.7
1 
48
.5
7 
50
.7
1 
D
- 
55
.0
0 
50
.3
8 
75
.0
0 
43
.8
5 
59
.0
9 
49
.7
4 
65
.9
1 
47
.9
5 
63
.8
9 
48
.7
1 
61
.1
1 
49
.4
4 
G
+ 
53
.6
4 
50
.1
0 
73
.3
9 
44
.3
9 
62
.8
1 
48
.5
3 
68
.6
0 
46
.6
1 
59
.6
0 
49
.3
2 
62
.6
3 
48
.6
3 
G
- 
60
.2
2 
49
.0
3 
66
.0
7 
47
.4
3 
54
.8
7 
49
.8
4 
64
.1
4 
48
.0
4 
58
.7
3 
49
.3
3 
66
.5
3 
47
.2
8 
C
C
 
44
.7
4 
49
.8
5 
62
.1
1 
48
.6
4 
48
.0
6 
50
.0
8 
62
.6
2 
48
.5
0 
45
.0
3 
49
.9
0 
51
.7
6 
50
.1
2 
D
I 
57
.8
2 
49
.4
6 
64
.3
9 
47
.9
6 
54
.8
1 
49
.8
3 
61
.7
9 
48
.6
6 
61
.1
1 
48
.8
3 
66
.7
8 
47
.1
8 
N
ot
e. 
D
+
 =
 D
eg
em
in
at
io
n 
of
 th
e 
fir
st
 v
ow
el
 w
ith
 a
 c
om
pe
tit
or
 (s
ee
 G
+
); 
G
+
 =
 C
on
so
na
nt
 g
em
in
at
io
n 
at
 th
e 
sy
lla
bl
e 
bo
un
da
ry
 w
ith
 a
 
co
m
pe
tit
or
 (s
ee
 D
+
); 
D
-  =
 D
eg
em
in
at
io
n 
of
 th
e 
fir
st
 v
ow
el
 w
ith
ou
t a
 c
om
pe
tit
or
; G
-  =
 C
on
so
na
nt
 g
em
in
at
io
n 
at
 th
e 
sy
lla
bl
e 
bo
un
da
ry
 
w
ith
ou
t a
 c
om
pe
tit
or
; C
C
 =
 T
w
o 
di
ffe
re
nt
 c
on
so
na
nt
s a
t t
he
 sy
lla
bl
e 
bo
un
da
ry
; D
I =
 A
 v
ow
el
 d
ig
ra
ph
 in
 th
e 
fir
st
 v
ow
el
 p
os
iti
on
.
140 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
 
 
competitor, consonant cluster, vowel digraph) were the within-subjects factors. 
Accuracy scores for each word category are presented in Table 5, summative 
results of the Training Test are presented in Table 6. 
A four-way interaction effect of Time by Training Condition by Initial  
Level by Word Category (F (10, 5841) = 2.23, p < .05, ηp2 < .01) was found, as well 
as interactions of Time by Training Condition (F (2, 5841) = 14.06, p < .001, ηp2 < 
.01), Time by Initial Level (F (1, 5841) = 5.39, p < .05, ηp2 < .01), Time by Word 
Category (F (5, 5841) = 3.09, p < .01, ηp2 < .01), and main effects of Time (F (1, 
5841) = 88.09, p < .01, ηp2 = .02), Initial Level (F (1, 5841) = 54.87, p < .001, ηp2 = 
.01), and Word Category (F (5, 5841) = 17.90, p < .001, ηp2 = .02). Further 
exploration of the four-way interaction with posthoc tests (Bonferroni 
correction) showed that the children who received training improved their 
accuracy more than the control children, which was apparent both for the LI 
children (p < .001) and the HI children (p < .05). The failures condition was 
superior over the successes condition (p < .001), only for the LI children. The HI 
training groups did not improve differentially. The four-way interaction can be 
described as follows: among the LI children in the failures condition all word 
categories improved similarly, whereas for the LI children in the successes 
condition, the accuracy in words involving vowel degemination with a 
competitor improved less than the other word categories (p < .05). Figure 5a 
illustrates that the LI readers in the failures condition improved their reading of 
words following vowel degemination with a competitor just as much as other 
types of bisyllabic words, in contrast to the LI readers in the successes condition 
— see Figure 5b — who did not improve their reading of words involving vowel 
degemination with a competitor. To summarize, after training, poor readers 
improved their reading accuracy of practiced words than the control children 
who did not receive training. However, to improve reading accuracy of words 
involving vowel degemination with a competitor — these are exactly the most 
challenging bisyllabic words — a training focus on failures was superior over a 
focus on successes, only in low initial reading children. For high initial reading 
children, improvement was not differential. 
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Figure 5a Percentage of Words Read Correctly at the Pretest and Posttest, 
Subdivided into Six Word Categories, by Children with a Low Initial Reading 
Level in the Training Focused on Failures.  
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Figure 5b Percentage of Words Read Correctly at the Pretest and Posttest, 
Subdivided into Six Word Categories, by Children with a Low Initial Reading 
Level in the Training Focused on Successes.  
 
Note. D+ = Degemination of the first vowel with a competitor (see G+); G+ = Consonant 
gemination at the syllable boundary with a competitor (see D+); D- = Degemination of the first 
vowel without a competitor; G- = Consonant gemination at the syllable boundary without a 
competitor; CC = Two different consonants at the syllable boundary; DI = A vowel digraph in 
the first vowel position.  
 
 
A second repeated measures ANOVA was performed with the log 
transformed median exposure duration as the dependent variable. Between-
subjects factors were Training Condition (control versus successes versus 
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Table 3 Means and Standard Deviations of Reading Accuracy (in Percentages) in 
each Training Session of the Training Groups.  
 Low Initial Level   High Initial Level  
Session Failures  Successes  Failures ‘Successes 
 M SD M SD  M SD M SD 
1 56.50 5.23 49.22 6.36  56.61 4.62 59.91 3.86 
2 55.30 5.89 52.44 8.44  58.80 2.53 57.73 2.65 
3 53.65 4.70 52.00 7.97  58.00 2.21 60.91 4.83 
4 56.10 4.15 51.28 11.91  58.50 3.54 58.45 3.83 
5 55.49 4.77 57.44 3.91  57.40 3.92 62.55 4.68 
6 54.60 5.78 54.46 5.25  56.50 2.99 62.27 7.09 
7 56.77 4.12 57.67 5.50  55.70 4.50 61.64 3.98 
8 56.40 6.08 55.44 9.22  56.40 3.47 64.45 4.84 
9 51.00 5.48 58.00 7.23  58.40 3.92 65.91 6.28 
10 53.48 4.43 62.56 7.40  55.80 3.39 64.91 7.30 
11 53.40 7.34 62.89 7.98  58.50 5.17 68.18 10.46 
 
 
Time (Session 1 to Session 11) was entered as a within-subjects factor. 
Between-subjects factors were Training Condition and Initial Level. Results 
showed main effects of Time (F (10, 27) = 2.38, p < .05, ηp2 = .47), and Initial 
Level (F (1, 36) = 21.75, p < .001, ηp2 = .38), indicating that the HI children had 
higher accuracy scores than the LI children. Also a main effect of Training 
Condition was found (F (1, 36) = 9.49, p < .01, ηp2 = .21), showing that the 
children in the successes condition had higher accuracy scores than the 
children in the failures condition (see Figure 2). An interaction of Time by 
Training Condition was also found (F (6.39, 308.07) = 7.10, p <.001, ηp2 = .17, 
Huyn-Feldt correction applied, see Keselman et al., 1998). Tests of within-
subjects contrasts (polynomial) showed an interaction of Time by Training 
Condition at the linear level only (F (1, 36) = 37.37, p < .001 ηp2 = .51). The 
children in the successes condition increased their accuracy scores during the 
training (F (6.68, 126.93) = 7.98, p < .001 ηp2 = .30; with Huyn-Feldt correction). 
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indicating that accuracy improved from pre- to posttest. Univariate analyses 
showed that the effect of Time was significant for the WDT (F (1, 54) = 7.53, p < 
.01, ηp2 = .12) and SVT (F (1, 54) = 8.02, p < .01, ηp2 = .13), indicating that 
accuracy improved for these reading tests. An effect of Initial Level was 
observed (F (4, 51) = 14.77, p < .001, ηp2 = .54), indicating that the HI children 
had higher accuracy scores than the LI children, on all tests (p < .001) except 
the NRT (F < 1). No other main effects were observed (F < 1). A marginally 
significant interaction of Time by Initial Level (F (4, 51) = 2.17, p = .086, ηp2 = .15) 
was found, and univariate analyses showed that the HI children improved more 
than the LI children on the NRT only (F (1, 54) = 5.93, p < .05, ηp2 = .10). No 
other significant multivariate interactions were observed: Time by Training 
Condition (F (8, 102) = 1.17, p > .05, ηp2 = .08); Time by Training Condition by 
Initial Level (F < 1). Interestingly, however, for the WDT, the test that pre-
eminently assesses the reading of words with the orthographic structure the 
training focused on, a marginally significant interaction of Time by Training 
Condition (p = .088), showed the trend for the two training groups to improve 
more than the control group (the two training groups did not improve 
differentially). An additional repeated measures analysis with the between-
subjects factor Training (training versus no training) showed that the children 
who followed training improved their word reading accuracy of the WDT more 
than the control group (F (1, 56) = 4.38, p < .05, ηp2 = .07).  
Thereafter, a repeated measures MANOVA was conducted with reading 
speed as the dependent variable. Reading speed was determined as the number 
of words read within one minute for the LDT, WDT and NWR. For the SVT, 
reading speed was determined as the log median latency time over the 
semantically correct sentences. Descriptives are displayed in Table 7.  
A multivariate main effect of Time was observed (F (4,51) = 23.55, p < 
.001, ηp2 = .65), indicating that children improved their reading speed from pre- 
to posttest. The main effect of Time was significant for the WDT (F (1, 54) = 
67.80, p < .001, ηp2 = .56), the NRT (F (1, 54) = 16.40, p < .001, ηp2 = .23), and the 
SVT (F (1, 54) = 6.12, p < .05, ηp2 = .10), but not for the LDT (F (< 1). A 
multivariate main effect of Initial Level (F (4, 51) = 33.66, p < .001, ηp2 = .72)  
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Table 7 Reading Speed at Pretest and Posttest M
easured as N
um
ber of W
ords read per M
inute of the D
ecision Test 
(LD
T) and W
ord D
ecoding Test (W
D
T); as N
um
ber of W
ords Read per Tw
o M
inutes of the N
onw
ord Reading Test 
(N
RT); and as M
edian Latency Tim
e (in M
S) for the Sentence Verification Test (SVT) and Training Test (TT). 
Low
 Initial Level 
 
Failures  
(n = 10) 
Successes  
(n = 9) 
C
ontrol  
(n = 11) 
 
Pretest 
Posttest 
Pretest 
Posttest 
Pretest 
Posttest 
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
LD
T 
17.40 
7.99 
18.10 
7.61 
23.67 
14.88 
21.00 
8.97 
16.73 
7.02 
19.36 
6.42 
W
D
T 
18.50 
6.64 
23.90 
8.49 
16.22 
4.71 
21.89 
6.81 
16.73 
5.64 
24.18 
8.62 
N
RT 
30.00 
10.95 
33.40 
11.80 
25.22 
8.11 
35.00 
21.79 
27.64 
5.39 
35.55 
11.40 
SV
T 
9743 
3338 
9357 
3080 
10830 
3882 
11433 
4178 
11523 
10639 
10117 
9525 
TT 
435 
146 
1169 
982 
535 
152 
1136 
848 
447 
199 
769 
581 
H
igh Initial Level 
 
Failures  
(n = 10) 
Successes  
(n = 11) 
C
ontrol  
(n = 9) 
 
Pretest 
Posttest 
Pretest 
Posttest 
Pretest 
Posttest 
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
M
 
SD
 
LD
T 
36.40 
8.96 
35.70 
9.66 
33.36 
6.42 
33.09 
8.83 
42.78 
15.84 
37.89 
12.43 
W
D
T 
38.60 
5.36 
47.10 
11.97 
35.45 
7.99 
45.55 
10.67 
45.44 
10.08 
51.56 
11.61 
N
RT 
50.00 
15.77 
52.80 
13.11 
43.36 
14.70 
55.55 
14.07 
49.00 
9.94 
53.00 
12.39 
SV
T 
5701 
1273 
5572 
1313 
6129 
1618 
5168 
794 
4918 
1527 
4548 
1786 
TT 
225 
111 
96 
56 
208 
98 
108 
60 
168 
127 
178 
186 
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 indicated that the HI children read faster than the LI children on all tests (LDT 
(F (1, 54) = 57.59, p < .001, ηp2 = .52), WDT (F (1, 54) = 136.29, p < .001, ηp2 = .72), 
NRT (F (1, 54) = 44.22, p < .001, ηp2 = .45), and SVT (F (1, 54) = 46.170, p < .001, 
ηp2 = .46)). No other main or interaction effects were observed (Training 
Condition, and Time by Training Condition F < 1; Time by Initial Level (F (4, 51) 
= 1.40, p > .05, ηp2 = .10)). Thus, in general children improved their reading 
speed, but not differentially. 
 
 
Discussion 
This study aims to answer the question whether a training focused on 
failures versus a training focused on successes differentially improve reading 
speed and accuracy as opposed to a no-training control condition. Moreover, 
this study investigates whether such training procedures interact with the 
child’s initial reading level. To answer these questions a randomized controlled 
trial design was used. The intervention was focused on maintaining an 
approximately constant level of reading accuracy by varying the presentation 
time of words. The training material consisted of bisyllabic Dutch words either 
involving only context-free grapheme-phoneme conversion rules or involving 
context-sensitive spelling rules concerning vowel degemination or consonant 
gemination. 
The training data showed that in the failures condition, children needed 
longer exposure durations during the training to maintain their level of 
accuracy. In the successes condition, in contrast, the exposure durations that 
the children needed became shorter. The obvious explanation is that the 
participants trained on word sets that gradually became different. Difficult 
words occurred more often in the final set of the children in the failures 
condition, and easy words in the final set of the children in the successes 
condition. In the first place, this difference in final sets was apparent by the 
characteristics of their words. Words trained on by children in the successes 
condition tended to have a higher frequency of use, a larger neighborhood size 
and more higher frequency neighbors than the words trained on by children in 
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the failures condition. They were also longer than the words trained on by 
children in the failures condition. This can be explained by the fact that the 
majority of the shorter words were the rather difficult words involving vowel 
degemination, which figured prominently in the training condition focusing on 
failures. Words with a vowel digraph and words involving consonant 
gemination without a competitor occurred more in the final sets of the children 
in the successes condition than in the failures condition. The distribution of 
word categories in the training thus confirms that children in the failures 
condition concentrated on the words that are relatively difficult to read 
accurately, and children in the successes condition concentrated on words that 
are relatively easy to read (see Chapter 4; Verhoeven et al., 2006). In addition, 
the children in the successes condition trained on a larger set of words than 
children in the failures condition. 
Scores on a random sample of words from the training set (making up 
the Training Test) showed that the poor readers with a relatively high initial 
reading level needed a shorter exposure duration at posttest than children in 
the control group. This suggests more efficient word processing after training. 
With respect to reading accuracy, the Training Test showed that children in the 
training conditions improved more than children in the control condition. 
Furthermore, an Aptitude-Treatment Interaction (Cronbach & Snow, 1977; 
Snow, 1991) was found. Among the children with a high initial reading level, no 
effect of experimental training condition was observed. However, among the 
children with a low initial reading level, the failures condition improved more 
than the successes condition. Interestingly, this interaction depended on word 
category, as children in the control group and in the successes condition 
improved their reading accuracy in most word categories, but not for words 
involving vowel degemination that have a competitor. In contrast, children in 
the failures condition improved their reading of these most difficult words just 
as much as the other bisyllabic words. These are exactly the words that 
occurred more in the training sets of children in the failures condition, and 
apparently the training focus on failures was effective.  
The comparison of pre- to posttest on transfer measures showed that 
children in the training groups improved their reading accuracy of non-
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practiced polysyllabic words in the Word Decoding Test more than children in 
the control group did. The training was effective, apparently, but transfer was 
rather limited. No differential effects were found with respect to reading speed. 
The most remarkable finding of this study is that reading accuracy 
improved for words involving vowel degemination. Verhoeven et al. (2006) 
showed that the application of vowel degemination continues to complicate 
word identification, for beginning readers as well as for adults (see also Baayen, 
Dijkstra, and Schreuder, 1997). Whereas children rarely make errors beyond the 
earliest phase of learning to read Dutch (Verhoeven & van Leeuwe, 2009), it is 
exactly these words involving context-sensitive spelling rules that are among 
the last to be improved as to the accuracy with which they are read. In Chapter 
3 we showed that poor readers have difficulties in identifying these words. The 
improvement found in reading accuracy for children in the failures condition in 
Chapter 5, however, suggests that poor readers can not only improve their 
reading of words that follow grapheme-phoneme correspondence rules, but can 
also improve in handling the consequences of context-sensitive spelling rules 
for reading. 
 The poorest readers in our study improved their accuracy most in the 
training focused on failures, and not most in the training focused on successes, 
as in our earlier study presented in Chapter 4. This finding seems to run 
contrary to our previous results, showing that the children with a high initial 
reading level improved their reading speed of untrained polysyllabic words 
most in a training focused on failures, and conversely, the children with a low 
initial reading level improved most in the training focused on successes. An 
important difference between this and the earlier study concerns the items in 
the training. The children in Chapter 4 focused on transparent, regularly spelled 
CVC words that were mostly read with high levels of accuracy. It was found 
that, to improve fast and effortless reading of this type of words, training should 
focus on items that the LI readers (the poorest poor readers) are able to read 
successfully. Probably, this training on CVC words improves efficient and fast 
syllable processing (see Wentink, van Bon, and Schreuder, 1997). In contrast, in 
the current study the LI readers improved their accuracy most if they trained on 
their failures, in most cases, words following context-sensitive spelling rules. 
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These are the words poor readers did not yet read with sufficient accuracy, and 
that were often misread consistently (see Chapter 3). It seems that for words 
following spelling rules that are not governed straightly by phonology, different 
mechanisms for word identification apply than for words that can be read by 
applying grapheme-correspondence rules. Verhoeven et al. (2006) formulated 
this difference in the Extended Cascaded Dual Route Model. This model 
distinguishes two reading routes. Frequently encountered word forms are 
processed via the direct route, where the full-form representation is accessed 
and mapped onto its associated lemma node, which then activates the relevant 
representations from the semantic system. In contrast, rare or complex word 
forms, such as words involving context-sensitive spelling rules, are processed via 
the parsing route. In the parsing route, the representations of morphological 
units can be activated through a process of segmentation. The current study 
suggests that this difference in reading mechanism for words involving context-
sensitive spelling rules on the one hand, and more simple ones on the other, has 
implications for the training that children should follow to enhance the 
identification of these two types of words. If the goal of intervention is to 
enhance reading speed of polysyllabic words that do not specifically involve 
context-sensitive spelling rules, the poorest readers should focus their training 
on CVC words that have been read successfully and not on occasional failures 
(see Chapter 3). Increased fast application of grapheme-phoneme 
correspondence rules that form the basics of a transparent orthography will 
then, by practicing on words read successfully, improve CVC reading, and will 
transfer to faster reading for polysyllabic words. However, if the goal of 
intervention is to improve reading accuracy for polysyllabic words, training 
should focus on failures in polysyllabic words. By concentrating on bisyllabic 
words that were read incorrectly at an earlier opportunity, even those words 
involving the application of non-phonology governed spelling rules that 
complicate word identification for typical readers and even adults (Verhoeven 
et al., 2006), can be read more accurately. Evidently, the improvement of word 
reading skills depends both on the children’s level of reading competence and 
on the type of training.  
A fool may ask more questions in an hour than a wise (wo)man  
can answer in seven years (English proverb) 
 
6 
 
General Conclusion and Discussion 
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The present thesis explored the reliability of word reading errors in reading out 
loud and investigated how useful it is to focus on errors in training. We 
investigated the instability of reading errors, that is to what extent a child reads 
the same word sometimes correctly and sometimes incorrectly. In three 
experiments, error instability was studied in typically developing readers and 
poor readers, and proved to be considerable. Moreover, error instability appears 
to be an indicator of the transition from incompetence to reading competence. 
Two randomized controlled trials examined whether a focus on reading errors 
in intervention is effective. An important interaction was observed: The 
improvement of general word decoding skills depends both on the children’s 
level of reading competence and on the type of training, focusing either on their 
successes or on their failures. In the following sections, we will review and 
discuss these results in a theoretical framework, and we will conclude with 
some practical implications for assessment and intervention.  
 
 
Error instability 
This thesis is the first to systematically investigate the instability of 
errors in reading, while correcting instability for the number of errors. This 
correction is essential, because the number of unstable errors is – almost 
inevitably – related to the number of errors. If a child twice reads the same list 
of words, and makes only errors or no errors at all, there can be no instability. 
And, a maximum of unstable errors can be obtained if a child’s accuracy score is 
50%. Therefore, we calculated an error instability measure that corrects for the 
number of instabilities.  
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The conditions under which readers make unstable reading errors may 
give indications about the underlying reading processes. In terms of the Dual 
Route Cascaded model (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) 
words can be identified by visual access and by using conversion rules. We 
speculated that if errors are persistent, children apply incorrect conversion rules 
to words that are not yet lexicalized; this leads to ‘rule-governed’ errors. In 
contrast, when errors are unstable, we speculated that reading is rather 
automatic and does not require attentional effort, and that random behavior 
underlies the errors to a greater extent. With increasing reading experience, an 
increasing number of items will be identified via direct retrieval from the visual 
mental lexicon. We therefore expected that first graders make more stable 
errors than second graders, because they do not yet master the relevant rules as 
well as second graders. Likewise, we expected second graders to make more 
stable errors than third graders. If the reading of poor readers is as unstable as 
that of typical readers, however, we must conclude that they do not differ in 
their reading processes. 
Our  aim was to explore the instability of reading errors in 
representative word samples that cover the Dutch lexicon as broadly as 
possible. CVCs and bisyllabic words used in the studies of Chapters 2 and 3 are 
sampled from almost half of the words of the Dutch lexicon (together 43%; 10% 
of the Dutch lexicon comprises CVC words, and 33% CVC(C)VC words), 
assuring a broad exploration. Word samples were studied that draw on two 
important characteristics of Dutch orthography: its transparency in reading and 
the application of context-dependent grapheme-phoneme conversion rules. 
The experiments of Chapter 2 focus on CVC words that are orthographically 
transparent in reading, that is, they can be read by applying context-free 
grapheme-phoneme correspondence (GPC) rules. In two experiments we 
contrasted error instability in a representative sample of word tokens 
(Experiment I), reflecting the reading of words children generally encounter in 
print, and word types (Experiment II), thus including more uncommon words. 
The two different sampling methods did not affect the main results, which 
shows that our findings apply to the entire frequency spectrum of CVC words. 
In Chapter 3 we focused on more complex bisyllabic words. The majority of 
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these bisyllabic words not only involve context-free grapheme-phoneme 
conversion rules that applied to the words studied in Chapter 2 for part of their 
letter string, but they also involve more complex grapheme-phoneme 
conversions. This complexicty is due to the context-sensitive spelling rules that 
lead to vowel degemination (e.g., naam + en  namen [names]) or consonant 
gemination (e.g., bel + en  bellen [bells]). We investigated whether these 
spelling rules affect error instability, as well as the interaction of such an effect 
with that of a competitor. Some forms with geminated consonants (bom + en 
 bommen [bombs]) have an orthographic look-alike with a degeminated 
vowel (boom + en  bomen [trees]). The orthographic look-alike bommen may 
function as a competitor when reading bomen and vice versa. 
In three experiments, the stability of accuracy scores and the instability 
of reading errors in typically developing first, second and third graders, and in 
reading-level matched poor readers was investigated. The three experiments in 
Chapters 2 and 3 show that test scores that assess overall reading accuracy are 
very stable over time. This indicates that accuracy scores can be reliably used to 
qualify a reader’s competence. However, the three experiments also univocally 
indicate that item scores vary over test occasions. For all children we found that 
their reading errors were not completely stable or unstable. In each of these 
experiments, we compared typically developing readers in two successive 
grades, and the results showed the same outcomes. As for the typically 
developing readers, the reading errors of the most competent readers were 
more unstable than the errors of the less competent readers, indicating that 
error stability is associated with an early phase of a decoding strategy under 
acquisition. This is in line with the tenet of miscue analyses (see Dumont, 1984; 
Kleijnen, 1997; McKenna & Picard, 2006) that recurrent, similar errors (error 
patterns) in readers learning to read certain word types, give information on 
strategies in progress. As for the poor readers, their errors did not differ in their 
instability from the typical readers’ errors. The reading behavior of the poor 
readers evidently was not characterized by a larger random component than 
the typically developing readers, suggesting that overall the reading 
development of Dutch poor readers with respect to error instability is delayed 
rather than deviant. Note that error instability was operationalized in terms of 
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correct and incorrect word reading. An in-depth analysis investigating the 
degree to which types of reading errors are stable or unstable is an interesting 
topic, however beyond the scope of this thesis. 
A comparison of the word samples of Chapter 2 to Chapter 3 shows 
that error instability for bisyllabic words is lower than for monosyllabic words. 
However, a closer inspection shows that, when corrected for the number of 
months that children received instruction in reading the words concerned, the 
error instability of monosyllabic words is comparable to that of bisyllabic words 
that can be read by straightforward application of GPC rules. Error instability of 
these transparent words — be it monosyllabic or bisyllabic words — is higher 
than for words involving context-sensitive spelling rules. This indicates that it is 
primarily the degree of consistency in grapheme-phoneme correspondences 
and the complexity of rules that need to be applied that determine error 
instability. This fits in with studies that indicate that the reading errors of 
beginning readers are related to the degree of consistency in grapheme-
phoneme correspondences (Barca, Ellis, & Burani, 2007; Cossu, Gugliotta, & 
Marshall, 1996; Goikoetxea, 2006). Our study also confirms the finding of 
Verhoeven, Baayen, and Schreuder (2006) that context-sensitive spelling rules 
complicate word identification. Additionally, our study refines these finding by 
showing that the identification of words that have a competitor are particularly 
difficult. 
Most importantly, studying error instability we observed effects that 
would not have been discovered if we had only examined reading accuracy. A 
discrepancy in accuracy scores and error instability may reveal specific 
difficulties in reading. For example, we found a strikingly low error instability for 
the poor readers described in Chapter 3. Even though they did not make more 
errors in words involving vowel degemination than typical readers, their reading 
errors in these words were more stable than the reading errors of typical 
readers. This persistency in error making suggests an extra disadvantage for 
poor readers when identifying these words. Investigating error instability also 
revealed another qualitative difference in the reading of typical and poor 
readers that was not apparent in the reading accuracy scores. Whereas typical 
readers make rather stable errors only in low-frequency words that involve 
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vowel degemination, the errors of poor readers were characterized as rather 
stable both in the low-frequency and the high-frequency domain. This suggests 
that while typical readers are able to automatize their reading of words 
following vowel degemination if they frequently encounter the word, poor 
readers seem to fail to do so. This thesis thus shows that examining the 
instability of errors has an added value over just studying — according to 
common practice — reading accuracy only. 
In the three experiments of Chapters 2 and 3, we investigated to what 
extent the instability of reading errors is predicted by the words’ lexical and 
sublexical characteristics. We found in all studies and for most participant 
groups, that word frequency was the most important predictor of error 
instability. The higher a word’s frequency, the higher the degree of error 
instability. A word’s frequency is an important predictor for how often that 
word appear in texts that children read. Word frequency is thus a predictor of 
the degree of lexicalization of its orthography. The consistent finding of word 
frequency predicting error instability thus shows that error instability is closely 
related to the degree of lexicalization. Therefore, error instability should be 
considered an indicator of the transition from incompetence to reading 
competence, and error stability is associated with an earlier phase of reading. 
The results presented in this thesis have implications for assessment. 
The three experiments in Chapters 2 and 3 show that test scores that assess 
overall reading accuracy are very stable over time. This indicates that test scores 
are reliable indicators of a child’s reading competence. However, the three 
experiments also univocally indicate that item scores vary over test occasions. 
This implies that individual word reading errors should be interpreted with 
considerable caution as performance at the item-level varies over time. A 
theoretical implication is that models which seek to explain the ability of a 
reader to successfully read a specific word should also account for the low 
reliability of this skill. To our knowledge, there are no theoretical models that 
take this aspect of reading ability into account, either explicitly or implicitly. 
Reading errors are far from consistent and error instability is related to the level 
of reading competence of the student. This implicates that both the student’s 
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reading level and the instability of his or her reading errors should be taken into 
consideration for exercises in reading.  
 
 
The role of errors in intervention 
 Given that the reading errors of poor readers are generally rather 
unstable, we doubted whether indiscriminately concentrating on specific errors 
in intervention would prove effective and efficient. In Chapters 4 and 5 we 
investigated whether a training focused on failures versus a training focused on 
successes differentially improve reading speed and accuracy in poor readers. A 
training procedure focused on failures follows from Ehri’s framework (1998, 
1999) that emphasizes that instruction for fluency development should begin 
focusing on the accuracy of the word level and its underlying representations 
(see also Wolf & Katzir-Cohen, 2001). In line with this view, the recommended 
practice in the remedial teaching of poor readers is to focus on words that are 
read incorrectly (e.g., Bender, 2004; Dumont, 1984; Martens, Witt, Daly, & 
Volmer, 1999). Insofar as reading errors offer a window on the reading process 
that children use to read words (Allen, 1976; Au, 1977; Goodman, 1969; Savage, 
Stuart, & Hill, 2001; Singleton, 2005; Weber, 1970), the analysis of errors and 
miscues may be important in determining directions in reading instruction 
(McKenna & Picard, 2006), and therefore is advocated in popular textbooks for 
reading instruction in the primary school (e.g., Beard, 1990; Graham & Kelly, 
1997; Roberts, 1989). Hall (2003) showed that a study of reading errors can be 
very instructive and helps teachers to gain an understanding of children and 
their difficulties. In contrast, according to Share’s self-teaching hypothesis (1995, 
1999) a training procedure focused on successes is favored. Each successful 
identification of a given word increases the likelihood to successfully read that 
word again, as the reader obtains word-specific orthographic information. The 
self-teaching hypothesis argues that fast and accurate word identification 
depends on the frequency to which a child has been exposed to a particular 
word. Words that are read repeatedly are likely to be recognized visually with 
minimal phonological processing from the very earliest stages of reading 
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acquisition. Thus, repeatedly reading successes should enable readers to 
catalyze the process of reading words from phonological recoding into reading 
words that have become increasingly lexicalized. 
Because we repeatedly observed in Chapters 2 and 3 that error 
instability is related to the child’s reading level, we investigated whether the two 
training procedures, either focusing on failures or successes, interacted as well 
with the reading level of the child prior to intervention (Cronbach & Snow, 
1977; Kanfer & Ackerman, 1989; Snow, 1991). In order to dovetail our 
intervention research with our research on error instability, the same words 
were used for these two types of studies. Chapter 4 reports on an intervention 
focused on CVC words, Chapter 5 reports on an intervention focused on 
bisyllabic words. 
Randomized controlled trials were conducted to answer the research 
questions. In both studies, the intervention was focused on maintaining an 
approximately constant level of reading accuracy by varying the presentation 
time of words. For that purpose the training used the flashcards format of van 
den Bosch, van Bon, and Schreuder (1995) and Wentink, van Bon, and 
Schreuder (1997). Importantly, for both word types (CVC and bisyllabic words) 
the interventions proved beneficial and transfer effects to untrained words were 
observed. Children who received training focused on CVC words (Chapter 4) 
improved their reading of untrained monosyllabic words more than can be 
expected from regular education alone. Likewise, children who received training 
concentrating on bisyllabic words (Chapter 5) improved their reading accuracy 
of untrained polysyllabic words more than children who did not receive extra 
training. Interestingly, in both studies we did not find a main effect of training 
favoring either a focus on successes or on failures. Rather, we found an 
Aptitude-Treatment Interaction (ATI) effect (Cronbach & Snow, 1977; Snow, 
1991) indicating that the improvement of general word decoding skills 
depended both on the children’s level of reading competence and on the type 
of training. 
 In Chapter 4 (CVC words), the improvement of reading speed was 
characterized by an ATI effect. The children with a high initial reading level 
improved their reading speed most in the training focused on failures, and 
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conversely, the children with a low initial reading level in the training focused 
on successes. This ATI effect was restricted to untrained words with an 
orthographical structure that was more complex than the orthographical 
structure of the trained words (observed in reading tests assessing primarily 
polysyllabic words). Importantly, no significant speed-accuracy trade-off 
occurred as an effect of the training. Evidently, gains in reading speed did not 
lead to a loss of accuracy. Improving reading competence in a rather 
transparent orthography as Dutch is mostly a matter of increasing speed 
(Verhoeven & van Leeuwe, 2009) and low reading speed is an important 
characteristic of Dutch poor readers (van der Leij & van Daal, 1989). The 
transfer of increased reading speed to untrained words in our study, therefore, is 
promising. What is more, we found a transfer effect to the sentence level. 
Improved reading speed at the sentence level as a result of a training targeted at 
the sentence level has been reported for poor readers (Breznitz, 2006; Karni, 
Morocz, Bitan, Shaul, Kushnir, & Breznitz, 2005; Snellings, van der Leij, de Jong, & 
Blok, 2009). Our study goes beyond these sentence-focused trainings, as our 
focus on the word level affects reading speed at the sentence level as well.  
 In Chapter 4 we also investigated whether the effect of training focus 
interacts with the effect of being informed or not about the training focus. The 
training data suggested that informing students about the focus of the training 
positively affects training: Exposure durations for children informed about the 
focus of the training decreased more than for children who were not informed, 
irrespective of the training focus. This is in line with studies of Swanson, Hoskyn, 
and Lee (1999), Conte and Hintze (2000), and Kluger and DeNisi (1998) who 
stress the importance of goal-setting for students in education. Possibly, the 
informed children increased their learning not only through positive or negative 
reinforcement, but also by being explained a lesson’s purpose (Porter & Brophy, 
1988), that is, they were provided with a clearer metacognitive focus on the goal 
of the training. 
Whereas Chapter 4 concerned training on CVC words that are 
transparent in reading, the training in Chapter 5 focused on bisyllabic words 
that involve context-sensitive spelling rules. Chapter 3 showed that poor 
readers — even more so than typical readers — have difficulty in accurately 
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identifying words that involve context-sensitive spelling rules, and especially 
those words that involve vowel degemination and that have a competitor. 
Moreover, whereas children rarely make errors beyond the earliest phase of 
learning to read Dutch (Verhoeven & van Leeuwe, 2009), it is exactly these 
words involving context-sensitive spelling rules that are among the last to be 
learned to be read accurately. For this training study we were therefore 
interested to know how to improve poor reader’s identification of these words. 
It is a promising finding of Chapter 5 is that reading accuracy can be improved 
for words involving vowel degemination. Interestingly, this improvement was 
marked by an Aptitude-Treatment Interaction. While all children receiving 
training improved their reading of bisyllabic words, we found a differential 
effect of training only for children with a low initial reading level: Children in the 
failures and the successes condition improved their reading accuracy, however, 
only the children in the failures condition also improved the reading accuracy of 
words involving vowel degemination that have a competitor. This suggests that 
poor readers can not only improve their reading of bisyllabic words that involve 
GPC rules, but, in a training that is focused on failures, they can also improve in 
handling the consequences of context-sensitive spelling rules for reading. 
The readers with a low initial reading level (that is, the poorest poor 
readers) in Chapter 5 improved reading accuracy of untrained polysyllabic 
words most in the training focused on failures. In contrast, the poorest readers 
in Chapter 4 improved their reading speed of untrained monosyllabic words, 
and, in the training focused on successes this intermediately transferred to 
improved reading speed of untrained polysyllabic words. Are the results of 
Chapter 5 and Chapter 4 contradictory? On the contrary, the experiments of 
this thesis suggest that the reading mechanisms applied to reading CVC is 
different to that for bisyllabic words involving complex spelling rules. These 
mechanisms differentially affect error instability (Chapters 2 and 3), and ask for 
a different training approach for the poorest readers (Chapters 4 and 5).  
According to the Dual Route Cascaded model (Coltheart et al., 2001) 
orthographically transparent CVC words can be identified both by using GPC 
rules and by visual access. We hypothesize that the grade 1 readers have not yet 
fully acquired the relevant GPC rules and that they often apply improper rules 
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to words that are not lexicalized, with reading errors as a result. Lack of GPC 
knowledge leads to errors that are ‘rule-governed’ and thus rather stable 
reading errors. With increasing reading experience, an increasing number of 
items will be identified via direct retrieval from the visual mental lexicon. The 
reading errors of the more experienced readers, therefore, probably, stem from 
inattentiveness and other stochastic processes in retrieving information from 
the visual mental lexicon. As for the reading of bisyllabic words (Chapters 3 and 
5), our results indicate that reading is affected by the degree of consistency in 
GPCs and the complexity of rules not governed by phonology. Most models 
describing the identification of multisyllabic words do not account for the 
effects of spelling rules not governed by phonology in reading (Taft, 1979; 1992; 
Yap & Balota, 2009; Chateau & Jared, 2003; Kello, 2006; Perry, Ziegler, & Zorzi, 
2010). In contrast, Verhoeven et al. (2006) added extensions to the DRC model 
resulting in the Extended Dual Route Cascaded Model. The model distinguishes 
two reading routes. Frequently encountered word forms are processed via the 
direct route, where the full-form representation is accessed and mapped onto 
its associated lemma node, which then activates the relevant representations 
from the semantic system. Rare or complex word forms, such as words involving 
context-sensitive spelling rules, however, are processed via the parsing route. In 
the parsing route, the representations of morphological units are activated 
through a process of segmentation into morphemes.  
Chapters 4 and 5 suggest that differences in reading mechanism for 
words involving context-sensitive spelling rules on the one hand, and more 
simple ones on the other, have implications for the training that children 
should follow to enhance the identification of these two types of words. If the 
goal of intervention is to enhance reading speed of polysyllabic words that do 
not specifically involve context-sensitive spelling rules, the poorest readers 
should focus their training on CVC words that have been read successfully 
(Chapter 4) and not on occasional failures (Chapter 2). Increased fast 
application of GPC rules that form the basics of a transparent orthography will 
then, by practicing on words read successfully, improve CVC reading, and will 
transfer to faster reading for polysyllabic words. Note that many CVC’s are also 
syllables or morphemes in longer words. Probably, this training improved 
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efficient and fast syllable or morpheme processing, which explains the transfer 
effects to polysyllabic words (see Wentink et al., 1997; see also Huemer, Aro, 
Landerl, & Lyytinen, 2010; Verhoeven & Schreuder, 2011). In terms of the 
(Extended) DRC model, readers may have shifted more towards a lexical reading 
strategy applied at the syllabic and/or the morphemic level. However, if the goal 
of intervention is to improve reading accuracy for polysyllabic words, training 
should focus on failures in polysyllabic words (Chapter 5). By concentrating on 
bisyllabic words that were read incorrectly at an earlier opportunity (Chapter 
3), even those words involving the application of non-phonology governed 
spelling rules that complicate word identification for typical readers and even 
adults (Verhoeven et al., 2006), can be read more accurately.  
This thesis presents a first systematic exploration of error instability in 
words that represent almost half of the Dutch lexicon. Determining error 
instability appears to have an added value over just measuring reading accuracy 
and offers more fine-grained insight into underlying reading processes. Even 
though poor readers did not make more errors in words involving vowel 
degemination than typical readers, their errors were more stable than those of 
typical readers, suggesting a disadvantage for poor readers in identifying these 
words. Moreover, poor readers made many stable reading errors in these words, 
both in the low frequency and the low frequency domain. Typical readers, in 
contrast, do so only in the low frequency domain, suggesting a problem for 
poor readers in automatizing these words. This thesis furthermore showed that 
error instability was rather high, indicating that the reliability of errors is 
relatively low. Moreover, reliability of errors interacts with the level of 
competence of the reader and the degree of transparency of the words 
concerned. This presents a more detailed picture of difficulties in Dutch 
orthography and perhaps for other transparent orthographies that also involve 
spelling rules that are not governed by phonology, for example German 
(Landerl & Reitsma, 2005). In our experiments a larger percentage of errors was 
unstable than in an English study by Gough, Juel, and Griffith (1992). Possibly, 
errors in a transparent orthography as Dutch are characterized by a higher 
instability than errors in an opaque orthography, such as English. Ellis et al. 
(2004) showed that differences in orthographic transparency result in a 
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different nature of reading errors (see also Miller Guron & Lundberg, 2004). The 
different reading strategies in opaque versus transparent orthographies may 
also entail a lower error instability in opaque orthographies.  
Whether it is useful to focus on errors in intervention relates to the 
degree of stability of these errors, and, additionally, depends on  the level of 
competence of the readers. As for the poorest readers, the intervention focused 
on transparent, successfully decoded CVC words increased their reading speed, 
which is promising because a low reading speed is a prime characteristic of 
reading disorders in languages with a transparent orthography. Children with 
reading disorders in opaque orthographies generally suffer more from a low 
accuracy. Moreover, Ehri (2005) indicated that children reading transparent 
orthographies seem to progress faster through developmental phases of reading 
fluency than children reading opaque orthographies. Whether children reading 
in an opaque language benefit from a differential training like we observed, is an 
issue for future research.  
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Notes 
 
 
1 A type represents a unique linguistic entry; a token represents every 
occurrence of a given type. A token list thus involves selection from a 
group of items representing various linguistic types proportional to their 
frequency of use in the language. A high frequency word will thus occur 
repeatedly in the set to be selected from and a low frequency word less or 
not repeatedly. 
 
2 Children in grade 3 were tested and assigned to either the group of poor 
readers that were reading-level matched to typical readers in grade 2 (PR2), 
or the group of age-matched typical readers (post-hoc analysis in the 
discussion).  
 
3 Note that some words may have been eliminated for more than one 
reason.  
 
4 A kappa-like measure was not used to determine instability as such an 
outcome is biased by the number of errors as well. 
 
5 The mean item difficulty may differ slightly from the mean reading 
accuracy due to a few missing or invalid items. 
 
6 A principal component analysis with varimax rotation and Kaiser 
normalization was used. Factor analyses with different extraction methods 
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(i.e., principal axis factoring and maximum likelihood) and rotation 
methods (i.e., oblimin, quartimax, equamax, and promax) produced the 
same results. A confirmatory factor analyses replicated the results of the 
PCA.  
 
7 A closed syllable is terminated by one or more final consonant phonemes, 
open syllables are not terminated by consonant phonemes.  
 
8 The rules for vowel degemination and consonant gemination are more 
complicated than presented here. For a full description of their application 
in Dutch, see Booij (1995), and Nunn (1998). 
 
9 Note that some lemma’s also appear as plural nouns (e.g. boeken is a verb 
[to book] and a plural noun [books].  
 
10 Note that for most Dutch CVC(C)VC words that are morphologically 
complex, morphological boundaries do not coincide with syllable 
boundaries.  
 
11 It should be noted that reading performance is studied as a dichotomous 
instead of a continuous variable. Ideally, the ATI effects should be studied 
with a multilevel approach. However, data acquisition for such approach 
was beyond the scope of this exploratory study. 
 
12 C and V represent single graphemes and thus include digraphs. Dutch CVC 
words contain maximally five letters (e.g. leeuw [lion]). 
 
13 Each session started with an exposure duration of 350 ms instead of the 
exposure duration the previous session ended with. This may have caused 
the mean accuracy score to turn out somewhat lower (60%). This 
difference, however, is negligible. All analyses on the data of flashcard 
training (see Results – Flashcard Training) were double checked by 
reanalysing the data for only the second half of each session. The reanalysis 
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rendered exactly the same main and interaction effects. This shows that 
the starting exposure duration of each session was not of crucial 
importance and the adjustment of exposure duration worked well within 
each session. 
 
14 After a reading error, children in the failures training (and informed 
condition in Chapter 4) saw a short movie in which a word that had been 
read incorrectly was ‘dumped’ into a bucket and stored in the computer. A 
picture at the end of the session illustrated that the failures collected in the 
bucket were returned to a box with words they would practice in the 
subsequent sessions, i.e. the training set. Conversely, after a correct 
response, children in the successes condition (and informed condition in 
Chapter 4) saw the words read correctly being collected and at the end of 
the session returned to the box with words that they would practice in the 
subsequent sessions.  
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Appendix A 
Words used in Chapters 2 and 4 
 
Words used in Chapters 2 and 4 are displayed in descending order of word 
frequency. Words marked with an asterisk were not used for the intervention 
study in Chapter 4.  
 
 
zijn    
niet    
nog     
gaan    
dan     
zien    
wel     
doen    
goed    
daar    
weer    
meer    
toch    
heel    
man     
jaar    
maar    
hier    
tijd    
lang    
dag     
weg     
door    
nieuw   
laat    
huis    
waar    
ver     
toen    
zeer    
paar    
vaak    
net     
keer    
zaak    
naam    
heen    
hoog    
vol     
deel    
boek    
deur    
ding    
mooi    
god     
feit    
jong    
zin     
wit     
bed     
week    
wat     
pas     
diep    
zit     
vier    
lid     
wijn    
voet    
thuis   
geen    
laag    
heer    
rol     
tien    
zoon    
gang    
been    
dier    
wet     
los     
bang    
vijf    
rug     
raam    
rood    
doel    
dik     
taal    
neer    
pijn    
taak    
muur    
min     
raad    
gek     
boom    
koud    
kop     
zes     
lief    
rijk    
leeg    
gauw    
duur    
tuin    
maal    
zak     
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hoop    
hoek    
ruim    
lip     
lijn    
vuur    
loop    
neus    
gat     
boer    
reis    
haar    
leuk    
fijn    
toon    
ziek    
huid    
bos     
vaag    
ziel    
baan    
vis     
kat     
fout    
voor    
geur    
buik    
wil     
geel    
baas    
wang    
boot    
rook    
maan    
bier    
nat     
pad     
keel    
nauw    
pak     
lijf    
fel     
nek     
bus     
luid    
daad    
dak     
koel    
lot     
tak     
tong    
kaas    
zaal    
wijd    
boos    
vak     
dom     
moed    
jas     
top     
heet    
zoet    
hout    
zout    
bar     
hol     
vuil    
dun     
boog    
zoek    
cel     
poos    
zon     
leer    
mis     
hoed    
mes     
pot     
maat    
poot    
maag    
doos    
hut     
ruw     
bal     
lach    
tas     
kaal    
vet     
lied    
haat    
goud    
touw    
puur    
dal     
wijs    
val     
pan     
meid    
wier    
kom     
keus    
bel     
ring    
teen    
kip     
raar    
vel     
kin     
les     
zuur    
zaad    
doek    
hof     
rok     
hek     
nood    
duim    
des     
ton     
heus    
hal     
bot     
roos    
bol     
pool    
neef    
vies    
leed    
buur    
hel     
pil     
paus    
loon    
nut     
tal     
rijp    
ras     
dol     
mouw    
pijp    
gas     
bad     
soep    
leek    
boel    
rat     
kooi    
heup    
leeuw   
bom     
bil     
bak     
riem    
beer    
vat     
wijk    
kil     
bek     
muis    
wiel    
dof     
rauw    
koop    
poes    
bouw    
long    
pop     
wal     
duif    
ruk     
pen     
heil    
kaak    
noot    
pet     
non     
woud    
kus     
haak    
veer    
reus    
kim     
som     
mus     
dek     
puk     
roep    
paal    
kuil    
haan    
rang    
wen     
zuil    
pijl    
kar     
zeep    
duin    
baat    
hok     
boon    
saus    
ruil    
saai    
zeil    
beek    
nul     
lies    
ham     
mat     
riet    
zus     
baai    
ruit    
huur    
rot     
lauw    
sok     
teer    
dief    
peil    
kier    
lap     
kijk    
rit     
hiel    
kas     
kous    
vaas    
hak     
taai    
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luik    
buit    
nier    
mal     
geit    
teug    
zoen    
koor    
laan    
mijl    
wieg    
meeuw   
kool    
sap     
bijl    
dor     
hees    
put     
pap     
laf     
gaaf    
peer    
bok     
wol     
raak    
kies    
toer    
rad     
hap     
puin    
lood    
kaar    
rib     
lam     
lof     
haas    
naar    
roer    
map     
buis    
roem    
bod     
bon     
doop    
doof    
teef    
ruig    
rek     
koek    
rum     
ban     
rein    
gier    
dijk    
tik     
boeg    
loom    
pal     
roes    
kam     
bes     
mees    
voer    
meet    
lol     
kuit    
beul    
gil     
vos     
gen     
sein    
mos     
zuid    
mier    
hooi    
rem     
kiem    
zot     
tuig    
das     
log     
vaal    
kap     
fier    
mop     
pech    
den     
deeg    
lijm    
zang    
mam     
goot    
meel    
fooi    
gul     
tam     
waas    
lek     
rouw    
mug     
goor    
raaf    
veen    
gaas    
heg     
duw     
reep    
nis     
tip     
kuur    
ros     
peuk    
ven     
beet    
pauw    
lus     
gaar    
vin     
lat     
waan    
sen     
room    
reuk    
tang    
lef     
dam     
dop     
jeuk    
rap     
piek    
kok     
faam    
kook    
kaap    
gif     
tel     
jan     
mijn    
juf     
kan     
tol     
luis    
her     
veeg    
loer    
loos    
beuk    
kuis    
lak     
muil    
poen    
zool    
muf     
haal    
kuip    
rijm    
vod     
suf     
toom    
baal    
moer    
rel     
tor     
boei    
dauw    
loep    
maak    
gal     
zeef    
set     
poel    
hang    
zoom    
web     
teil    
vouw    
geul    
deuk    
roet    
fit     
leus    
baar    
big     
naad    
lok     
haai    
boef    
leen    
lier    
pier    
nol     
toog    
biet    
pul     
kuif    
gok     
wiek    
voeg    
kiel    
pit     
hes     
deun    
zaag    
koer    
vijg    
lab     
duit    
pees    
keur    
juk     
pol     
bies    
mep     
hoes    
leem    
loof    
ram     
zet     
nok     
mol     
hoef    
mom     
koen    
kik     
hop     
nel     
mak     
keet    
vaat    
wok     
zeis    
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bout    
guur    
mot     
duf     
por     
pok     
maf     
luit*    
bas     
foef    
raap    
dog     
vaar    
fuik    
bul     
leep    
kot     
haag    
maas    
kuch    
duik    
nijd    
bit     
joch    
gom     
wak     
pin     
roof    
gaai    
sop     
wig     
mok     
fuif    
hik     
boor    
zeug    
ruis    
hoon    
buil    
wis     
wees    
hen     
tof     
neen    
dot     
pup     
pep     
tuit    
geus    
lik     
zier    
dok     
vaan    
gong    
wip     
fut     
jak     
tuk     
kauw    
rul     
mout    
mul     
ruin    
moot    
pek     
loot    
rif     
tin     
doem    
sik     
bijt    
sol     
voos    
moes    
geeuw   
kit     
fik     
wad     
zoel    
kaai    
zijd    
til     
fok     
koon    
tap     
hot     
lor     
peen    
hoen    
kul     
loog    
mum     
riek    
nor     
nar     
lel     
ren     
hip     
paap    
weeg    
duig    
kaf     
sip     
peul    
pook    
poef    
noen    
bof     
boud*    
dooi    
vijl    
loef    
sier    
kieuw   
nep     
fuut    
geer    
lis     
peut    
luim    
zat     
baud    
puik    
gouw*    
dar     
tod*     
zeen    
paf     
geep    
peet    
pus     
gooi    
huig    
houw    
bob     
zog     
leg     
sof     
jaap    
tuil    
feil*    
gein    
mijt*    
nop     
piep    
rut     
hor     
raat*    
meug    
toef    
faun    
nap     
vuig    
gum     
pauk    
zeur    
zooi    
vief    
dis     
rog     
hit     
mud     
pip     
ruif    
bef     
daas    
dies    
kien    
run     
neut    
waag    
lob     
pof     
teek    
neet    
roek    
wijl    
huif    
poet    
soos    
kout*    
poon    
toet    
zeel    
rob     
naaf    
tooi    
vim     
zeem    
ral     
weit    
kaag    
koet    
moor    
rag     
pief    
fijt*    
teut    
kaan    
reel    
wouw    
laar    
wed     
zijl*    
heul    
hom     
juut    
keep    
koot    
sijs*    
gaal    
feut    
keg     
lijs    
look    
luw     
wauw    
bat*     
git     
kief    
mik     
piet    
roef    
douw*    
geut    
huik    
dos     
hoos    
kif     
nuf     
guit    
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gis     
kof     
kuub    
leut    
puf     
reef    
ril     
soes    
tuf     
ben     
giek    
har     
kek     
leb     
lijp    
loet    
pon     
sas     
taf     
veem    
bop     
dil     
hauw    
jol     
maai    
pat     
ris     
soek*    
zuip    
bieb    
hijs    
hum     
jouw    
lar     
leng    
mies    
nes     
ping    
teem    
bun     
gijl*    
haam    
las     
loei    
nies    
peg     
rijf    
rijs    
root*    
tijk    
toop    
tuut    
vip     
wiep    
wout*    
fop     
gaap    
hup     
kaam    
keen    
kees    
kol     
lub     
peur    
pos     
rooi    
taan    
waal    
wam     
wan     
zeeg 
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Appendix B 
The Instability Score (IS; Chapters 2 and 3) 
 
 
ISobs – ISmin 
IS =     
ISmax– ISmin  
 
ISobs denotes the observed number of unstable errors between Time 1 and Time 
2. ISmin designates the minimum number of unstable errors (|e1 – e2|); e1 is the 
number of errors at Time 1, e2 is the number of errors at Time 2. ISmax denotes 
the maximum number of unstable errors and is calculated as (n - | e1 + e2 - n|); n 
is the number of words that are read on both occasions. When a child thus 
reads 100 words on two occasions and misidentifies 30 words at Time 1 and 20 
words at Time 2, for example, the maximum number of unstable errors is 50 
when all of the misidentifications involve different words and no word is thus 
read erroneously on both occasions. Because only 20 words can be misidentified 
on both occasions, 10 words must have been misidentified on one occasion but 
not the other (i.e., unstably). Thus the minimum number of unstable errors, 
that is words misidentified at Time 1 but not at Time 2, is 10. 
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Appendix C 
Bisyllabic Words used in Chapter 3 
 
Words sampled for the computer reading task in Chapter 3 are displayed for 
each word category in descending order of word frequency. Words selected for 
version 1 are followed by 1,  for version 2 by 2, and selected for both versions by 
1,2. 
 
Degemination of the first vowel with a competitor 
komen1,2  
maken1,2 
weten1,2 
laten1,2 
horen1,2 
velen1,2 
halen1,2 
reden1,2 
wonen1,2 
zaken1,2 
kopen1,2 
menen1,2 
tonen1,2 
benen1,2 
weken1,2 
hopen1,2 
bomen1,2 
leger1 
koken1,2 
regen1,2 
titel1,2 
roken1,2 
ramen1,2 
malen1,2 
deken1,2 
meten1 
taken2 
toren1 
laken1,2 
poten1,2 
polen1 
boter2 
waken1 
dopen1 
manen1,2 
baden1,2 
zonen1,2 
molen1 
kaken2 
maten2 
helen1,2 
bonen2 
boten2 
kaper1 
maker1,2 
veter2 
dolen1 
doper1 
beden2
 
Consonant gemination at the syllable boundary with a competitor 
zeggen1,2 
kennen1,2 
leggen1,2 
mannen1,2 
wakker2 
zakken1,2 
wekken1,2 
redden1,2 
tellen1,2 
wennen1,2 
vatten1,2 
wetten1,2 
helling1 
bakken2 
dekken1,2 
hollen1,2 
vellen1,2 
rekken1,2 
ballen2 
botten1 
potten1 
kammen1 
kapper1 
reppen1 
makker1,2 
kappen1,2 
lekken 1,2 
motten2 
netten1 
betten1 
tonnen1 
redder2 
vetten2 
petten2 
pokken1 
mennen2 
runnen1,2 
dokken2 
pappen2 
boffer2
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Degemination of the first vowel without a competitor
geven1,2 
leven1,2 
nemen1,2 
lopen1,2 
wezen1,2 
mogen1,2 
vader1,2 
zeker1 
nodig1 
jaren1,2 
kamer1,2 
water1 
leren1,2 
dagen1,2 
samen1,2 
lezen1,2 
later1,2 
tafel2 
beter1,2 
raken1,2 
boven1,2 
bezig2 
heten1,2 
keren2 
delen2 
duren1,2 
regel1 
wagen2 
meter1 
leden1 
voren1,2 
poging2 
mening2 
hemel1 
koning1 
vorig1,2 
vogel1,2 
hotel2 
peter1,2 
zeven2 
heren1 
zomer2 
namen1 
duwen1,2 
wapen1 
kader1 
dalen1,2 
gaten1 
muren2 
bodem2 
heden1 
haven2 
beven2 
paren2 
kogel2 
jager2 
rozen1 
lever1 
daling2 
gaven2 
bogen1 
rover1 
bazen1 
roven2 
hanen1 
welig2 
gading2 
geren1 
reven2
 
Consonant gemination at the syllable boundary without a competitor 
hebben1,2 
kunnen1,2 
zullen1,2 
willen1,2 
zitten1,2 
liggen1,2 
vallen1,2 
zetten1,2 
binnen1,2 
middel 1,2 
kennis1,2 
passen2 
midden1,2 
bellen1 
lippen1,2 
missen1,2 
lekker2 
winnen1 
lukken1,2 
vullen2 
rollen2 
nummer2 
middag2 
dubbel2 
heffen1,2 
dollar1,2 
bitter1 
vissen2 
rukken1 
nuttig1 
jammer1 
gillen1,2 
lossen2 
zitting2 
minnaar2 
bukken2 
remmen1 
likken1,2 
ketting2 
hullen1 
modder2 
sissen2 
putten1 
dapper1 
zonnig1 
rillen2 
monnik1 
kippen1 
watten1 
wettig1 
kikker1,2 
ribben1 
jassen2 
nonnen1 
mussen1 
lassen1 
pitten1 
gissing2 
passer 2 
hippen1 
mummies2
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Two different consonants at the syllable boundary 
worden1,2 
denken1,2 
vinden1,2 
mensen1,2 
volgen1,2 
werken1,2 
jongen1,2 
handen1,2 
vormen1,2 
wachten1,2 
lachen1,2 
dingen1,2 
verder1,2 
helpen1,2 
hangen1 
zorgen1,2 
merken1,2 
donker2 
gelden1,2 
richting2 
morgen2 
richten2 
kosten1,2 
dokter1 
landen2 
wensen1,2 
dochter1 
zuster1 
zelden2 
burger1,2 
dichter1,2 
helder1 
werking2 
dansen1,2 
tanden2 
dertig2 
wenden1 
kanten2 
handel1 
rusten2 
zuchten1,2 
normen2 
lichten1 
honger1 
binden1 
vorming1 
termen2 
melden1,2 
werker2 
simpel2 
somber1 
wortel2 
machtig2 
wolken1,2 
kelder2 
banken1 
kerken2 
hechten1 
banden1 
tasten1 
mengen1 
zending1 
tempel2 
vergen1 
persen1 
hertog1 
dorpen2 
nachten1 
donder2 
kelner2 
zender1 
dempen2 
binding1 
kasten2 
helper1 
gulzig2 
kernen1 
posten1 
bunker1,2 
filmen2 
walgen2 
manden1 
kundig1 
kerven2 
mortel2 
hartig1 
gister2 
popjes1 
molton1
 
 
A vowel digraph in the first vowel position  
moeten1,2 
kijken1,2 
houden1,2 
voelen1,2 
moeder1 
weinig1,2 
noemen1,2 
roepen1,2 
zoeken1 
dienen1,2 
leiden2 
hoeven1,2 
buiten1,2 
rijden1,2 
lijden1,2 
kiezen1,2 
bieden1,2 
voeren1,2 
boeken1,2 
voeten1 
houding1,2 
huilen1,2 
keuken1 
bouwen1 
voegen1,2 
huizen1 
veilig2 
beiden2 
buigen1 
leiding1,2 
leider2 
zuiver2 
houten2 
liever1 
heuvel1 
luiden2 
reizen2 
neiging2 
duiken1 
suiker2 
keurig2 
liegen1 
lieden2 
hijgen2 
wijden2 
voeden1 
doelen1 
zijden1 
louter1 
woeden1 
bijbel1 
fouten1 
wuiven2 
kijker1 
soepel2 
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rijpen2 
kauwen2 
tijdig2 
heupen1 
vijver2 
zeuren1,2 
ruisen1 
mouwen2 
leuning2 
doeken2 
lijmen2 
sieren2 
duimen1 
pijnen2 
zouten1 
reuzel1 
wijlen2 
jeuken1 
bouwer2 
vijven2 
houwen1 
ruiker1 
feilen2
 
Remaining  
geval1,2 
geheel2 
lichaam2 
waarvan2 
gevoel1,2 
gebied2 
meteen1 
meneer2 
langzaam1 
persoon2 
daarvan1,2 
gedaan1 
waardoor1 
daardoor2 
nogal1,2 
normaal2 
daarvoor1 
vandaag2 
miljoen1 
gooien1 
geheim1,2 
geluk1 
terrein1,2 
geloof1 
gebaar1 
technisch1 
voordeel2 
gezag2 
bezit1 
duister1 
verlies1 
bereid2 
kapot2 
voorjaar1 
wijsheid1 
doorheen2 
gebed2 
welzijn1 
verkoop2 
woestijn1 
zakdoek2 
voorgaan2 
parfum1 
weefsel1 
voordien1 
vakman1 
voorrang2 
naamloos2 
jaargang1 
gaatjes2 
beraad2 
jaszak1 
palet1 
doosjes1 
bazin2 
felheid2 
postuum2 
meidag2 
matheid1 
ritmiek2 
dagbouw1
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Appendix D 
Bisyllabic Words used in Chapter 5 
 
Words sampled for the intervention study in Chapter 5 are displayed for each 
word category, in descending order of word frequency. 
 
 
Degemination of the first vowel with a competitor 
komen           
maken           
weten           
laten           
horen           
velen           
halen           
reden           
wonen           
zaken           
kopen           
menen           
tonen           
benen           
weken           
hopen           
bomen           
leger           
koken           
regen           
titel           
roken           
ramen           
malen           
deken           
meten           
taken           
toren           
laken           
poten           
polen           
boter           
banen           
dopen           
haken           
baren           
zonen           
kaken           
paden           
maten           
helen           
vaten           
boten           
nopen           
maker           
veter           
dolen           
reder   
doper           
beten           
veten           
neten 
topen  
   
 
Consonant gemination at the syllable boundary with a competitor 
zeggen          
kennen          
leggen          
mannen          
wakker          
zakken          
wekken          
redden          
tellen          
wennen          
vatten          
wetten          
helling         
takken          
bakken          
hakken          
hollen          
dekken          
vellen          
rekken          
ballen          
koppen          
ratten          
botten          
ladder          
bakker          
bedden          
toppen          
bommen          
potten          
kammen          
rokken          
reppen          
makker          
rotten          
hellen          
kappen          
wallen          
poppen          
bannen          
motten          
netten          
pennen          
metten          
tonnen          
lakken          
karren          
vetten          
marren          
pokken          
gappen          
padden          
mennen          
babbel 
runnen          
reggen          
mallen          
vennen
 
 
196 | SHOULD READING ERRORS BE TAKEN SERIOUSLY IN ASSESSMENT AND INTERVENTION?
Degemination of the first vowel without a competitor
geven           
leven           
nemen           
lopen           
wezen           
mogen           
vader           
zeker           
nodig           
jaren           
kamer           
water           
leren           
dagen           
samen           
lezen           
later           
tafel           
beter           
raken           
boven           
bezig           
heten           
keren           
delen           
duren           
regel           
wagen           
meter           
leden           
voren           
poging          
mening          
model           
hemel           
koning          
vorig           
vogel           
hotel           
teken           
peter           
zeven           
heren           
zomer           
namen           
duwen           
hoger           
wapen           
wegen           
lezer           
kader           
varen           
kerel           
dalen           
gaten           
joden           
hevig           
muren           
negen           
haren           
motor           
bodem           
woning          
mager           
heden           
vegen           
dames           
raden           
haven           
haten           
paren           
goden           
veren           
tegen           
lenen           
kogel           
buren           
talen           
menig           
falen           
huren           
tenen           
datum           
nagel           
daden           
laden           
vurig           
pater           
lading          
pogen           
jager           
turen           
hekel           
razen           
teder           
lepel           
lezing          
gevel           
humor           
nevel           
peper           
kolen           
doven           
liter           
vuren           
beker           
koper           
zetel           
rozen           
kater           
weren           
lever           
daken           
boren           
kabel           
dader           
zadel           
keten           
japon           
matig           
kanon           
hamer           
ketel           
lening          
wazig           
tegel           
noten           
jarig           
daling          
zalig           
sober           
pannen          
meren           
zaden           
divan           
gaven           
bogen           
lenig           
forum           
noden           
navel           
robot           
danig           
koppel          
haring          
zalen           
zagen           
deren           
gever           
loden           
puber           
fabel           
vazen           
havik           
welig           
pover           
zogen           
lering          
teren           
nering          
kegel           
wezel           
poker           
benig           
hazen           
pezig           
motel           
radar           
pezen           
kuren           
tanen           
zurig           
naden           
roker           
donor           
maden           
kaping          
bazig           
neder           
ritus           
zemen           
vanen           
heler           
netel           
mezen           
denim           
retor           
redes           
hamel           
boden           
gaper           
wering          
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rebus           lires           lazer           vedel 
 
 
Consonant gemination at the syllable boundary without a competitor 
hebben          
kunnen          
zullen          
willen          
zitten          
liggen          
vallen          
zetten          
binnen          
middel          
pakken          
kennis          
passen          
midden          
bellen          
lippen          
missen          
rennen          
lekker          
winnen          
lukken          
vullen          
rollen          
nummer          
letten          
middag          
wassen          
dubbel          
heffen          
koffer          
tussen          
letter          
dollar          
bitter          
vissen          
bidden          
tikken          
rukken          
nuttig          
jammer          
gillen          
lossen          
zinnen          
tillen          
dekker          
zitting         
penning         
nimmer          
lokken          
bossen          
gunnen          
katten          
minnaar         
bukken          
visser          
remmen          
likken          
ketting         
hullen          
vonnis          
sissen          
modder          
putten          
lessen          
borrel          
linnen          
zonnig          
monnik          
kippen          
vakken          
ridder          
pillen          
sussen          
rommel          
sokken          
ketter          
wollen          
happen          
lappen          
tunnel          
wedden          
wettig          
vettig          
kikker          
rubber          
ribben          
rilling         
rassen          
korrel          
mikken          
ligging         
fokken          
mollig          
jassen          
bollen          
bussen          
kenner          
messen          
nonnen          
wekker          
wissen          
renner          
heffing         
dekking         
pittig          
tassen          
tollen          
mussen          
wellen          
morren          
vinnig          
fakkel          
hekken          
sommen          
gissen          
vulling         
mokken          
gassen          
porren          
nippen          
winnaar         
wissel          
banning         
witten          
hokken          
kassen          
puzzel          
buffel          
roddel          
lassen          
wikken          
tappen          
zessen          
puffen          
jatten          
gullen          
fokker          
bokken          
pudding         
nissen          
lemmet          
sikkel          
heggen          
tinnen          
pukkel          
bobbel          
rottig          
mappen          
lussen          
kennel          
sappen          
suffen          
tennis          
lummel          
hippies         
lallen          
vinnen          
dobber          
dassen          
hossen          
zussen          
mazzel          
dutten          
jekker          
hummel          
ritten          
huppen          
hippen          
dubben          
kitten          
minnen          
gallisch        
setter          
poffen          
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gabber          
pinnig          
hannes          
bikken          
gommen          
doffer          
robber          
hummen          
gaffel          
wiggen          
lemmer          
hemmen          
wattig          
tikker          
doffen          
lubben          
moppig          
mepper          
hebber      
 
Two different consonants at the syllable boundary
worden          
denken          
vinden          
mensen          
volgen          
werken          
jongen          
handen          
vormen          
wachten         
lachen          
dingen          
verder          
helpen          
hangen          
zorgen          
merken          
donker          
gelden          
richting        
morgen          
richten         
rustig          
vinger          
kosten          
dokter          
landen          
durven          
wensen          
dochter         
werpen          
zuster          
zingen          
zelden          
rechter         
burger          
dichter         
vangen          
helder          
werking         
dansen          
tanden          
dertig          
vechten         
wenden          
kanten          
gulden          
handel          
winkel          
rusten          
zuchten         
westen          
normen          
honden          
lichten         
danken          
punten          
bergen          
honger          
wilden          
binden          
vochtig         
vorming         
termen          
melden          
zenden          
werker          
simpel          
somber          
wangen          
gasten          
lastig          
rechten         
wortel          
heftig          
machtig         
wolken          
kansen          
kelder          
hechten         
banden          
tasten          
zending         
handig          
tempel          
bundel          
vergen          
nuchter         
persen          
hertog          
dorpen          
resten          
varken          
netjes          
nachten         
zinken          
wonden          
rotsen          
volken          
zolder          
wanden          
mengsel         
wenken          
mantel          
masker          
deksel          
gangen          
tachtig         
linker          
dulden          
velden          
verven          
testen          
borden          
machten         
donder          
luchten         
sultan          
kelner          
honing          
dampen          
bonken          
zender          
zilver          
janken          
botsen          
kisten          
giftig          
helden          
dempen          
polsen          
rimpel          
kopjes          
kermis          
kampen          
herder          
lampen          
lasten          
denker          
zonden          
kasten          
moslim          
monden          
ringen          
helper          
wending         
ritmisch        
kuchen          
wankel          
gordel          
verzen          
vonken          
wimper          
vasten          
tochten         
pompen          
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heksen          
darmen          
wolven          
posten          
balken          
ganzen          
harten          
pakjes          
galmen          
marmer          
filmen          
zusjes          
rampen          
puntig          
liften          
ginder          
ronken          
morsen          
raspen          
manden          
polder          
rangen          
gisten          
folder          
bonden          
listig          
jargon          
horten          
walmen          
hengel          
torsen          
potjes          
harden          
helmen          
panter          
welven          
besten          
zakjes          
letsel          
menging         
lompen          
hapjes          
filter          
herten          
tornen          
monding         
walsen          
hanger          
bondig          
boksen          
harken          
wandel          
bochtig         
vinding         
mondig          
vorsen          
hendel          
mortel          
vesper          
hitsen          
duchtig         
wimpel          
werving         
werper          
morsig          
kurken          
hotsen          
lansen          
vadsig          
zandig          
kervel          
worpen          
mutsen          
bultig          
rotsig          
turnen          
kolven          
pitjes          
jenzen          
manken          
kelken          
sorbet          
rukjes          
mangel          
halter          
mesjes          
lesjes          
walser          
binder          
sensor          
munter          
harpen          
vonder          
dichting
 
 
A vowel digraph in the first vowel position
moeten          
kijken          
houden          
voelen          
moeder          
weinig          
noemen          
roepen          
zoeken          
wijzen          
dienen          
leiden          
hoeven          
buiten          
rijden          
lijden          
kiezen          
bieden          
voeren          
boeken          
voeten          
houding         
huilen          
dieren          
keuken          
bouwen          
voegen          
wijnen          
huizen          
veilig          
huidig          
beiden          
buigen          
leiding         
leider          
voedsel         
zuiver          
tijden          
houten          
gouden          
liever          
feiten          
boeren          
heilig          
heuvel          
luiden          
reizen          
neiging         
leunen          
zuiden          
duiken          
deuren          
ruiken          
suiker          
vieren          
keurig          
rijzen          
liegen          
reiken          
lieden          
keizer          
wijden          
voeden          
doelen          
lijnen          
zuigen          
duiden          
vouwen          
wijken          
zijden          
louter          
voeding         
woeden          
leugen          
bijbel          
fouten          
wuiven          
roeren          
hoeken          
gieten          
geuren          
neigen          
ruimen          
kijker          
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soepel          
rijpen          
wijten          
ruiter          
meubel          
gieren          
kauwen          
zeilen          
tijdig          
heupen          
tuinen          
vijver          
piepen          
loeren          
juichen         
zieken          
hijsen          
ruiten          
nijdig          
wiegen          
wielen          
zielig          
keuren          
ruisen          
moedig          
meiden          
koepel          
ruilen          
zielen          
zuinig          
duinen          
zoemen          
deugen          
duiven          
buiging         
zuilen          
suizen          
leuning         
teugel          
muizen          
hielen          
rijken          
beuken          
hoeden          
heiden          
poeder          
kousen          
geurig          
woelen          
deinen          
koelen          
roeping         
luiken          
keuzen          
toeren          
rieten          
tieren          
hoever          
riemen          
tijger          
mieren          
nietig          
keuring         
rijmen          
mijden          
geiten          
peilen          
wouden          
reuzen          
dieven          
kuiten          
lijmen          
mijnen          
seinen          
noemer          
duimen          
kiemen          
zouten          
lijven          
tijgen          
neuzen          
tienen          
wijlen          
kuilen          
tuiten          
poezen          
kieren          
woelig          
veulen          
bouwer          
viering         
leuzen          
rijgen          
pieken          
peuter          
luizen          
deuken          
tiener          
teugen          
kuiken          
niezen          
beugel          
lijder          
duiding         
rouwen          
boenen          
zoetig          
biezen          
beitel          
rijzig          
roemen          
gierig          
koeken          
huiden          
vijgen          
poedel          
diepen          
zoeker          
kuiper          
bieten          
wieden          
pauzes          
beuren          
toeter          
roebel          
duider          
nijver          
toeven          
lijvig          
lijster         
zoeten          
wijding         
boeven          
ruiker          
pieper          
geulen          
roemer          
luifel          
veilen          
tijding         
kieken          
zijgen          
pauwen          
vijlen          
muiten          
keilen          
zuiger          
builen          
leidsel         
douwen          
wieling         
feilen          
wieder          
peuren          
kouten          
pauken          
koeler          
joekel          
wijting         
wieren          
giechel         
mieter          
voeler          
puiten          
tuilen          
fiedel 
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Appendix E  
Sentence Verification Task with Monosyllabic Words used in 
Chapter 4 
 
 
Semantically correct sentences  
De muis zit in de val.   [The mouse is trapped.] 
De zaag is bot.    [The saw is blunt.] 
Kim snoept van de taart  [Kim eats the pie.]  
Het vuur is warm.   [The fire is warm.]  
Oom Jan rookt een pijp.   [Uncle Jan smokes a pipe.]  
De geit is van de boer.    [The goat belongs to the farmer.]  
Gras is groen.    [Grass is green.]  
In de muur zit een raam.   [In the wall is a window.]  
De kok maakt soep.    [The cook makes soup.]  
Wim speelt met de bal.   [Wim plays with the ball.]  
De lamp is aan.    [The lamp is switched on.]  
In de boom is een nest.   [In the tree is a nest.]  
De mat ligt voor de deur.   [The mat lies in front of the door.]  
De tas is van leer.    [The bag is made of leather.]  
Jos koopt een fles wijn.   [Jos is buying a bottle of wine.]  
De pan is leeg.     [The pan is empty.]  
De man loopt door de tuin.   [The man walks through the garden.]  
De peer is rot.     [The pear is rotten.]  
De kraan lekt.     [The tap is leaking.]  
Een ruit is van glas.    [A window is made of glass.]  
Loes zit op een stoel.    [Loes is sitting on the chair.]  
Kaas is geel.     [Cheese is yellow.]  
Een koe geeft melk.    [A cow gives milk.]  
De pen vlekt.     [The pen makes stains.]  
De man heeft een snor.   [The man has a moustache.]  
De broek is vies.    [The trousers are dirty.]  
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In het park is het druk.   [The park is crowded.]  
De vaas is wit.     [The vase is white.]  
Een poes heeft een staart.   [A cat has a tail.]  
Het boek is dik.    [The book is thick.] 
 
 
Semantically incorrect sentences  
De lift zakt heel hoog.    [The elevator descends very high.]  
De jas huilt.     [The coat is crying.]  
De zee vliegt hoog.    [The sea flies high.]  
De stoel legt een ei.    [The chair lays an egg.]  
Een kers is vlees.    [A cherry is meat.]  
Een kat is een plant.    [A cat is a plant.]  
Melk is klein.     [Milk is small.]  
De trein is zuur.    [The train is sour.]  
Een jaar is van hout.    [A year is made of wood.]  
Els breit een vaas.    [Els knits a vase.]  
Bas eet een knal.   [Bas eats a bang.]  
Een sok is fruit.    [A sock is fruit.]  
Het oor ruikt soep.    [The ear smells soup.]  
De bal heeft een hoek.    [The ball has an edge.]  
De klok zwemt.    [The clock swims.] 
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Appendix F 
Sentence Verification Task with Bisyllabic Words used in  
Chapter 5 
 
 
Semantically correct sentences  
De jongen is aan het leren.  [The boy is learning.] 
Moeder pakt de kopjes.  [Mother gets the cups.] 
De honden rennen naar de bal. [The dogs run to the ball.] 
De huizen hebben een zolder.  [The houses have an attic.] 
In de zomer zijn we meer buiten. [In the summer we are outside more  
     often.] 
Karel gaat deze middag varen.  [Karel will sail this afternoon.] 
Wij denken dat ze gaan winnen. [We think that they will win.] 
De mannen bouwen een huis.  [The men build a house.] 
De koning draagt een gouden kroon. [The king is wearing a golden crown.] 
Zijn zussen kunnen goed dansen. [His sisters dance well.] 
Haar dochter had liever de rode trui. [Her daughter preferred the red  
     pullover.] 
Dit water is zuiver.   [This water is clear.] 
Ze lezen de boeken.   [They read the books.] 
We leggen het pakje op tafel.  [We put the package on the table.] 
De kamer heeft vier hoeken.  [The room has four corners.] 
De mensen wijzen naar die kant. [People are pointing towards that side.] 
Het houten beeld is tachtig jaar oud. [The wooden figure is eighty years old.] 
Wij maken de sommen.  [We are doing sums.] 
De heren zitten op een bankje. [The gentlemen sit on a wooden bench.] 
Wolven hebben sterke kaken.  [Wolves have strong jaws.] 
Het varken liep door de modder. [The pig walks in the mud.] 
Haar zonen spelen met een robot. [Her sons play with a robot.] 
De zusjes wuiven naar hun opa. [The sisters wave hello to their  
     grandfather.] 
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De kater ving drie muizen.  [The cat caught three mice.] 
De wagen kon niet meer remmen. [The vehicle could not brake anymore.] 
De boeren trokken naar het westen. [The farmers migrated to the West.] 
Binnen in de tempel was het koel. [Inside the temple it was cool.] 
Veel suiker is slecht voor je tanden. [A lot of sugar is bad for your teeth.] 
Hij gaat duiken tussen de vissen. [He will be diving amidst the fish.] 
De bakker bakte lekker brood.  [The baker baked delicious bread.] 
 
 
Semantically incorrect sentences  
De deuren lopen snel.   [The doors walk fast.] 
De tassen rusten even uit.  [The bags take a rest.] 
Wolken springen met hun voeten. [The clouds jump with their feet.] 
De ramen posten de brief.  [The windows mail a letter.] 
De wortel is aan het wuiven.  [The carrot waves hello.] 
Een kikker heeft lange haren.  [A frog has long hear.] 
Ze zagen de zon roepen.  [They saw the sun shout.] 
De bergen vallen van de stoep.  [The mountains fall of the pavement.] 
De takken vouwen het papier.  [The branches fold the paper.] 
Het hotel schrijft op de lijnen.  [The hotel write on the lines.] 
De tuinen koken soep.   [The gardens cook soup.] 
De vijver moest niezen door de peper.  [The pond had to sneeze because of the  
     pepper.] 
Een ladder heeft gevoel voor humor. [A ladder has a sense of humor.] 
De dollar begint te zingen.  [A dollar is starting to sing.] 
Met een deksel kun je bellen.  [One can phone with a lid.] 
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Nederlandse samenvatting  
[Summary in Dutch] 
 
 
Dit proefschrift behandelt twee hoofdvragen: hoe betrouwbaar zijn 
woordleesfouten bij het hardop lezen en ten tweede in hoeverre is het zinvol 
om tijdens een leestraining aandacht te geven aan fouten.  
 
 
De instabiliteit van fouten 
In de hoofdstukken 2 en 3 van dit proefschrift wordt voor het eerst 
systematisch de instabiliteit van leesfouten onderzocht, dat is in hoeverre een 
kind hetzelfde woord soms fout en soms goed voorleest. Omdat het mogelijke 
aantal instabiele fouten varieert met het aantal leesfouten, hebben we een maat 
voor fouteninstabiliteit berekend die het absolute aantal instabiele fouten 
corrigeert voor het aantal leesfouten. De instabiliteit van leesfouten is in 
hoofdstuk 2 geëxploreerd met een steekproef van woorden met een 
medeklinker-klinker-medeklinkerstructuur (MKM, bijvoorbeeld het woord dak) 
waarvan de schrijfwijze (orthografie∗) volledig transparant is om te lezen. Dat 
wil zeggen dat deze woorden ‘rechttoe -rechtaan’ gelezen kunnen door teken-
klankkoppelregels toe te passen. In twee experimenten contrasteren we 
fouteninstabiliteit in een steekproef van woordtokens (Experiment 1) met 
woordtypes (Experiment 2). De eerste steekproef weerspiegelt de woorden die 
∗ Zie uitleg bij ‘Terminologie’.
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kinderen normaal gesproken in teksten tegenkomen, dus vooral woorden die 
vaak voorkomen in het Nederlands. De tweede steekproef weerspiegelt het 
lexicon in zijn volle breedte en bevat dus meer weinig voorkomende woorden. 
In beide experimenten hebben we zich normaal ontwikkelende lezers uit groep 
3 en 4 onderzocht en zwakke lezers die gematcht waren in leesniveau met de 
zich normaal ontwikkelende lezers. 
De voorwaarden waaronder lezers instabiele fouten maken, kunnen 
indicaties geven over het onderliggende leesproces. We hebben de terminologie 
van het duaal-leesroutemodel van Coltheart, Rastle, Perry, Langdon en Ziegler 
(2001) gebruikt om een aantal speculaties hierover te verwoorden. Woorden 
kunnen geïdentificeerd worden door visuele herkenning en door 
omzettingsregels te gebruiken. De belangrijkste omzettingsregels voor de 
Nederlands orthografie zijn regels voor de relatie tussen letters (grafemen) en 
klanken (fonemen) die aangeven dat bepaalde letter(s) voor een bepaalde klank 
staan (teken-klankkoppelregels). We speculeerden dat als fouten persistent zijn, 
kinderen waarschijnlijk incorrecte teken-klankoppelregels gebruiken bij 
woorden die ze nog niet hebben gelexicaliseerd (opgenomen in hun visuele 
lexicon). Dit leidt dan tot stabiele, ‘regelgestuurde’ fouten. Wanneer fouten erg 
instabiel zijn zou de oorzaak kunnen zijn dat het leesproces vrij automatisch 
verloopt en dat het weinig bewuste aandacht vraagt. In dat geval is 
onwillekeurig gedrag voor een groot deel de onderliggende basis van leesfouten. 
Wanneer de leeservaring toeneemt, zullen meer woorden geïdentificeerd 
worden doordat ze rechtstreeks in het visuele mentale lexicon herkend worden. 
Het was daarom onze verwachting dat kinderen uit groep 3, die net leren lezen, 
meer stabiele fouten zouden maken dan kinderen uit groep 4. Want, kinderen 
uit groep 3 beheersen meestal de leesregels nog niet even goed als kinderen uit 
groep 4. Als het lezen van zwakke lezers net zo instabiel zou blijken als dat van 
zich normaal ontwikkelende kinderen, dan zouden we moeten concluderen dat 
hun onderliggende leesprocessen op dit gebied niet van elkaar verschillen.  
Hoofdstuk 2 laat zien dat testtotaalscores, die de algemene 
leesaccuratesse weergeven, zeer stabiel zijn in de tijd. Dit betekent dat deze 
scores betrouwbaar zijn om het leesniveau van een lezer vast te stellen. Maar, de 
experimenten laten ook eenduidig zien dat de zogenaamde itemscore, dat is de 
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accuratesse waarmee één bepaald woord wordt gelezen, sterk wisselt over 
meetmomenten. Bij alle geteste kinderen vinden we dat hun leesfouten niet 
volledig stabiel, maar ook niet maximaal instabiel zijn. De leesfouten van de 
kinderen uit groep 4 zijn instabieler dan de fouten van de kinderen uit groep 3. 
Dit betekent dat foutenstabiliteit is geassocieerd met een vroege fase in het leren 
decoderen. Dit past bij de opvatting dat terugkerende foutenpatronen 
informatie geven over de leesstrategieën die kinderen toepassen (zie literatuur 
over ‘miscue analyses’). De fouteninstabiliteit van zwakke lezers verschilt niet 
van die van zich normaal ontwikkelende lezers. Het leesgedrag van zwakke 
lezers wordt blijkbaar niet gekenmerkt door meer onwillekeurig gedrag dan dat 
van zich normaal ontwikkelende lezers. Dit suggereert dat de algemene 
leesontwikkeling van zwakke lezers vertraagd is, maar niet afwijkt van zich 
normaal ontwikkelende lezers. Let wel, fouteninstabiliteit is hier gedefinieerd als 
nu eens correct, dan weer incorrect hardop voorlezen van losse woorden. Dit 
geeft een ondergrens weer op het aantal instabiele fouten dat kinderen maken 
tijdens het lezen. Echter, het is mogelijk dat zwakke lezers verschillen van zich 
normaal ontwikkelende lezers in de stabiliteit in de aard van de fout. De twee 
verschillende steekproefmethodes van woorden hadden geen invloed op de 
belangrijkste uitkomsten van het onderzoek, waaruit blijkt dat onze 
bevindingen van toepassing zijn op het gehele frequentiebereik van MKM-
woorden. 
In hoofdstuk 3 is de exploratie naar fouteninstabiliteit uitgebreid naar 
tweelettergrepige woorden. Om de meerderheid van deze woorden te lezen, 
moet een lezer niet alleen, zoals in hoofdstuk 2, teken-klankkoppelregels 
toepassen, maar ook complexe contextafhankelijke spellingregels. In hoofdstuk 
3 hebben we woorden onderzocht waarbij klinkerverenkeling of 
medeklinkerverdubbeling toegepast wordt. Een voorbeeld van 
klinkerverenkeling is het wegvallen van de a bij de vorming van het meervoud 
naam + en = namen. Een voorbeeld van medeklinkerverdubbeling is de 
verdubbeling van de l in het meervoud bellen. We hebben onderzocht of de 
toepassing van deze regels bij het lezen van invloed is op fouteninstabiliteit. In 
hoofdstuk 3 is nagenoeg hetzelfde onderzoeksdesign gebruikt als in hoofdstuk 
2. De kinderen die meededen aan het onderzoek van hoofdstuk 3 waren zich 
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normaal ontwikkelende lezers uit groep 4 en 5 en zwakke lezers die gematcht 
waren met het leesniveau van de zich normaal ontwikkelende lezers.  
De belangrijkste resultaten van hoofdstuk 2 zijn gerepliceerd in 
hoofdstuk 3. De testtotaalscores zijn zeer stabiel en daarmee voldoende 
betrouwbaar om het leesniveau vast te stellen. De itemscores, daarentegen, 
wisselen over meetmomenten. Ook hier vinden we verder dat de leesfouten van 
kinderen niet volledig stabiel, maar ook niet maximaal instabiel zijn. Bovendien 
zijn de leesfouten van de meest competente lezers (groep 5) instabieler dan die 
van de minder competente lezers (groep 4). Zoals in hoofdstuk 2 verschillen 
zwakke lezers in hun fouteninstabiliteit nauwelijks van de zich normaal 
ontwikkelende lezers. Toch zien we ook kleine verschillen tussen zwakke lezers 
en zich normaal ontwikkelende lezers. Zo vinden we in hoofdstuk 3 dat de 
leesfouten van zwakke lezers bij woorden waarbij klinkerverenkeling toegepast 
moet worden, erg stabiel zijn in vergelijking met zulke leesfouten van zich 
normaal ontwikkelende lezers. Kinderen maken veel fouten en vaak persistente 
fouten bij het lezen van woorden die een afleider hebben: Sommige 
woordvormen met een verdubbelde medeklinker (bom + en = bommen) lijken 
in hun schrijfwijze erg op bestaande woorden met een verenkelde klinker (boom 
+ en = bomen). Bommen kan als een afleider functioneren wanneer het woord 
bomen gelezen wordt en vice versa. Het lijkt erop dat zwakke lezers extra in het 
nadeel zijn bij het lezen van deze lastige woorden. Hoofdstuk 3 laat zien dat 
hieraan vooral een automatiseringsprobleem ten grondslag ligt.  
Een vergelijking van de woorden in hoofdstuk 2 en 3 laat zien dat de 
fouteninstabiliteit bij woorden met een transparante orthografie – zij het van 
eenlettergrepige MKM-woorden in hoofdstuk 2 of tweelettergrepige woorden 
in hoofdstuk 3– hoger is dan bij woorden waarbij contextafhankelijke 
spellingregels toegepast moeten worden (hoofdstuk 3). Dit betekent dat de 
mate van fouteninstabiliteit voornamelijk wordt bepaald door de consistentie 
in teken-klankkopellingen: hoe consistenter de teken-klankkoppelingen, des te 
instabieler zijn leesfouten. Daarenboven, als contextafhankelijke spellingregels 
complexer worden, wordt fouteninstabiliteit kleiner, of te wel, woorden worden 
persistenter fout gelezen. Tot slot laten beide hoofdstukken zien dat van diverse 
onderzochte lexicale en sublexicale woordkenmerken woordfrequentie de 
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belangrijkste voorspeller is van fouteninstabiliteit. Hoe hoger de frequentie van 
een woord is, des te hoger is de fouteninstabiliteit waarmee dat woord gelezen 
wordt. Hieruit blijkt dat fouteninstabiliteit nauw samenhangt met de mate 
waarin woorden zijn gelexicaliseerd. Derhalve kan toegenomen 
fouteninstabiliteit beschouwd worden als een aanwijzing voor toenemende 
leesvaardigheid.  
 
 
De rol van fouten in leestraining 
Gegeven het feit dat de leesfouten van zwakke lezers vrij instabiel zijn, vroegen 
we ons af of een interventie die gericht is op het verbeteren van leesfouten 
effectief en efficiënt zou zijn. Immers, het kan zijn dat een kind een woord 
‘toevallig’ fout leest en wellicht is het niet effectief om in een leestraining veel 
aandacht te schenken aan toevallige fouten. In hoofdstuk 4 onderzoeken we 
welke trainingsprocedure de leessnelheid en leesaccuratesse het meest 
bevorderen bij zwakke lezers: oefenen op woorden die fout gelezen worden, of 
oefenen op woorden die goed gelezen worden. De training bestond uit de 
MKM-woorden uit hoofdstuk 2, die werden geflitst op een computerscherm. 
Tijdens de training werd het niveau van leesaccuratesse op een constant niveau 
gehouden door de presentatietijd van woorden te variëren (van den Bosch, van 
Bon & Schreuder, 1995; Wentink, van Bon & Schreuder, 1997). De zwakke lezers 
waren verdeeld over twee trainingscondities: oefenen op woorden die goed 
gelezen worden, of oefenen op woorden die fout gelezen worden. Daarbij was 
de ene helft van de kinderen erover geïnformeerd dat ze oefenden met hun 
successen of hun fouten, en de andere helft werd daarover niet geïnformeerd. 
De trainingen blijken effectief, want alle kinderen (ongeacht de 
trainingprocedure) verbeteren hun leesaccuratesse en –snelheid op de 
eenlettergrepige woorden méér dan verwacht kan worden op basis van 
algemeen leesonderwijs. Verder vinden we ook dat de snelheid waarmee niet-
geoefende, complexere, woordstructuren gelezen worden verbetert. Deze 
transfereffecten worden gekenmerkt door een interactie van de 
trainingsprocedure met het leesniveau van het kind (Aptitude-Treatment 
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Interaction): Zwakke lezers met een zeer laag leesniveau verbeteren hun 
leessnelheid bij het hardop lezen het meest wanneer ze oefenen op hun 
successen. Zwakke lezers met een wat hoger leesniveau verbeteren de snelheid 
van hardop lezen het meest als ze oefenen op hun fouten. Verder is het van 
positieve invloed op de trainingsresultaten als kinderen worden geïnformeerd 
waarop ze oefenen, hun fouten of hun successen. 
Voor hoofdstuk 5 is opnieuw een interventie-onderzoek uitgevoerd, nu 
met tweelettergrepige woorden. Hier stond de vraag centraal: is het beter te 
oefenen met tweelettergrepige woorden die fout gelezen worden of die goed 
gelezen worden? Hoofdstuk 3 had al laten zien dat zwakke lezers – méér dan 
zich normaal ontwikkelende lezers – fouten maken (en ook meer persistente 
fouten) bij woorden waarbij contextafhankelijke spellingregels toegepast 
moeten worden. De woorden waarmee zwakke lezers de meeste moeite hebben 
betreffen woorden met een verenkelde klinker en die daarenboven een 
orthografische afleider hebben. In dit experiment wilden we daarom bovendien 
onderzoeken hoe we de identificatie van deze woorden konden verbeteren. 
Hoofdstuk 5 laat zien dat, ook al maken zwakke lezers veel fouten in woorden 
waarbij klinkerverenkeling toegepast moet worden, door training kan dit 
verbeteren. Net als in hoofdstuk 4 wordt verbetering in het leesgedrag 
gekenmerkt door een interactie van leestraining met het leesniveau van het 
kind. Dit verschil in verbetering geldt alleen voor kinderen van het laagste 
leesniveau. Alhoewel alle kinderen – in de training gericht op successen en op 
fouten – hun leesaccuratesse van tweelettergrepige woorden verbeteren, zijn 
het alleen de kinderen in de training gericht op fouten die ook de 
leesaccuratesse van woorden met klinkerverenkeling en een orthografische 
afleider verbeteren. Dit suggereert dat zwakke lezers niet alleen het lezen van 
tweelettergrepige woorden kunnen verbeteren waarbij de algemene teken-
klankkoppelregels van toepassing zijn, ook de lastige toepassing van complexe 
contextafhankelijke spellingregels kan verbeterd worden door training gericht 
op fouten.  
In hoofdstuk 6 zijn de resultaten van de vijf studies met elkaar 
vergeleken en in een theoretisch kader geplaatst. De belangrijkste conclusie 
daarbij is dat tijdens het lezen van woorden waarbij alleen ‘rechttoe-rechtaan’ 
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teken-klankkoppelregels toegepast hoeven te worden, andere leesmechanismen 
gebruikt worden dan bij het lezen van woorden waarbij contextafhankelijke 
spellingregels toegepast moeten worden. We lichten dit onderscheid toe vanuit 
het duaal-leesroutemodel van Coltheart en collega’s (2001). Vervolgens 
beargumenteren we dat het hierop gebaseerde theoretisch model van 
Verhoeven, Schreuder en Baayen (2006) preciezer onze bevindingen kan 
verklaren. De leesprocessen die ten grondslag liggen aan de toepassing van de 
twee verschillende leesmechanismen zijn dermate verschillend, dat we dit 
terugzien in de fouteninstabiliteit bij de twee typen woorden. Ook constateren 
we dat de effectiviteit van de trainingsprocedure (gericht op fouten of 
successen) afhangt van welk leesproces men wil verbeteren: de toepassing van 
teken-klankkoppelingen of contextafhankelijke spellingregels. Dit verklaart 
meteen de schijnbare tegenstelling tussen hoofdstuk 4 en 5. Opvallend is 
namelijk dat de zwakste lezers in hoofdstuk 5 hun leesaccuratesse van 
ongetrainde meerlettergrepige woorden het meest verbeteren in de training 
gericht op fouten bij tweelettergrepige woorden. De zwakste lezers in hoofdstuk 
4, daarentegen, verbeteren hun leessnelheid het meest na het volgen van een 
training gericht op successen bij MKM-woorden. Waarschijnlijk is het zo dat 
zeer zwakke lezers die oefenen met korte en transparante woorden die ze al 
accuraat kunnen lezen, daarmee in het algemeen oefenen met de toepassing 
van teken-klankkoppelregels. Als ze deze regels beter onder knie krijgen, kunnen 
ze ook langere woorden waarop deze regels van toepassing zijn sneller lezen. 
Omdat veel MKM-woorden ook lettergrepen of morfemen zijn in langere 
woorden, is het mogelijk dat kinderen deze lettergrepen in langere woorden 
sneller herkennen door de training (bijvoorbeeld het MKM-woord boer is 
tevens een lettergreep en morfeem in boer-en). Dit kan een verklaring geven 
voor het transfereffect dat we vinden in het sneller lezen van langere woorden. 
Om dit effect theoretisch te verwoorden: lezers gaan na de training meer over 
op een lexicale leesstrategie op het niveau van de lettergreep of het morfeem. 
Samengevat als implicatie voor de onderwijspraktijk: als het doel van interventie 
is om de leessnelheid bij orthografisch transparante korte of langere woorden te 
verhogen, dan kun je zeer zwakke lezers het beste laten oefenen met korte 
woorden die ze reeds accuraat lezen. Maar, als het doel van interventie is om de 
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leesaccuratesse te verhogen van langere woorden, met name woorden die om 
de toepassing van complexe spellingregels vragen, dan kun je zeer zwakke lezers 
het beste laten oefenen met hun fouten, of te wel, precies die woorden waar ze 
consequent veel moeite mee hebben.  
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Terminologie 
 
In deze samenvatting is bij vaktermen zoveel mogelijk direct beknopt uitleg 
gegeven. Wanneer de uitleg onvoldoende is, kan het raadplegen van deze lijst 
misschien uitkomst bieden. Het gaat in deze lijst om sterk vereenvoudigde 
definities die alleen bedoeld zijn als hulp bij het lezen van de samenvatting.  
 
Corpus: verzameling van geschreven of gesproken taal. 
Decoderen: omzetten van een geschreven woord in gesproken taal (voorlezen 
of stillezen). 
Foneem: kleinste klankeenheid die een betekenisverschil aangeeft. 
Grafeem: gezamenlijke letter(s) die één foneem aanduiden, bijvoorbeeld ng, oe, 
en k. 
Leesaccuratesse: de mate waarin een lezer foutloos leest.  
Lexicon: verzameling woorden die een taal of persoon rijk is.  
MKM: woord met een medeklinker-klinker-medeklinkerstructuur. 
Morfeem: Kleinste taaleinheid met een eigen betekenis of grammaticale 
functie. 
Onderzoeken: trachten den aard of de gesteldheid van iets te weten, trachten 
met eene zaak of gebeurtenis bekend te worden (Nieuw Woordenboek der 
Nederlandsche Taal, 1864, eerste editie van Van Dale). 
Orthografie: schriftelijke weergave van spraak met de daarbij behorende 
spelling en spellingregels van een taal. 
Transparantie van de orthografie: Mate waarin woorden gelezen kunnen 
worden door eenduidige teken-klankkoppelregels toe te passen.  
Woordidentificatie: het correct lezen (identificeren) van woorden. 
Woordfrequentie: de frequentie waarmee een woord voorkomt in een corpus. 
Woordtoken: de aangetroffen hoeveelheid van voorkomen van een woordtype 
in een corpus. Woordtokens hebben te maken met woordfrequentie.  
Woordtype: elk uniek woord in het lexicon (vergelijk elk woord in een 
woordenboek). 
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Dankwoord [Acknowledgements] 
 
 
Op een zonnige voorjaarsmiddag, niet eens zo heel lang geleden, gaf een 
wijs man me de opdracht om mijn zegeningen te tellen. In dit dankwoord wil ik 
daaraan gehoor geven en een aantal mensen bedanken.  
In de eerste plaats wil ik vier Geleerden in het zonnetje zetten. Wim en 
Rob, van alle (co)promotoren die er zijn, waren jullie bij uitstek geschikt om mij 
te begeleiden naar dit eindproduct. In de eerste plaats vanwege de vele 
lachsalvo’s tijdens onze besprekingen. Ik moest jullie geregeld bij de les krijgen 
en het gesprek weer een serieuze wending geven. Wim, jij kon ook heerlijk 
relativeren als er eens wat tegen zat, zoals de afwijzing van een artikel nadat het 
nota bene drie keer was ingediend (resubmitted). ‘Schande!’, riep Rob. ‘As lovers 
know’, mailde Wim, ‘rejections often are not final’. Als begeleiders vulden jullie 
elkaar ook perfect aan. Wim, vanaf de eerste schrijfversie had jij oog voor details, 
het soort gefrietelfruttel dat bij het werk van onderzoekers hoort. Rob, jij hield 
lekker de vaart erin door te focussen op de grote lijnen en me aan te moedigen 
‘hup, stuur dat ding maar op’. Bovenal ben ik jullie dankbaar dat ik lekker mijn 
gang mocht gaan, allerlei projecten naast mijn promotie kon uitvoeren, zonder 
dat jullie daar (in ieder geval zichtbaar) zenuwachtig van werden. Ik zou dit hele 
dankwoord aan jullie kunnen wijden, maar dat zou te lang worden en ik moet 
bovendien per pagina betalen bij de drukker…  
Ludo, eigenlijk wilde ik de ontknoping tot wat later in het dankwoord 
bewaren, maar jij hoort op deze plaats: op de eerste pagina van het dankwoord. 
Jij bent die ‘wijze man uit de eerste regel’ en dit waren exact jouw woorden in 
2009 toen wij een grote subsidie binnenhaalden samen met Ria Kleijnen. Jij bent 
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niet zo nauw betrokken geweest bij de totstandkoming van mijn proefschrift, 
omdat je vond dat Rob en Wim het alleen ook wel aankonden. Des te groter is 
je algehele invloed op de wetenschapper die ik nu ben. Je focus in onderzoek, 
richting geven aan het grotere geheel, op conferenties ‘proeven’ welke 
onderzoeksrichtingen in trek zijn (en waarvoor betaald wordt door 
subsidiegevers ). Ik heb ervan genoten dit soort gedachtespinsels bij je op te 
pikken. Verder ben je een visionair die vooruit denkt, de mogelijkheden ziet en 
deze ook benoemt naar je collega’s waardoor ze enthousiast in hun onderzoek 
staan. Ik hoop in onze toekomstige samenwerking nog veel van je te leren.  
Ria, jij hoort ook absoluut in dit rijtje thuis. Jouw gedrevenheid verschil 
te maken in de dagelijkse lespraktijk, je passie om onderzoek te vertalen naar de 
praktijk zodat ook die ene leerling ermee geholpen is, hebben me voor eeuwig 
besmet. Hierdoor kan ik niet zomaar een onderzoek draaien om er een artikel 
uit te slepen, zonder me af te vragen of het ook echt zinvol en functioneel is 
voor de kinderen waar het om draait. Het zijn juist de toegepaste projecten die 
we de afgelopen jaren samen hebben gedaan, die evenwicht brachten aan mijn 
experimentele onderzoeken met Wim en Rob. Het is een eer om met je te 
mogen samenwerken! 
De Geleerden van de manuscriptcommissie hebben zich erop toegelegd 
het hele proefschrift van A tot Z te lezen, iets wat waarschijnlijk niemand hen 
meer nadoet. James McQueen, Peter de Jong en Wied Ruijssenaars, dank voor 
jullie inspanningen.  
Nathan, jij verdient het hier genoemd te worden: zonder jou was dit 
proefschrift er waarschijnlijk niet gekomen. Toen ik een jaar of 20 was, kwam ik 
in contact met een buurjongetje dat heel veel moeite had om te leren lezen, 
Nathan. Ik leerde hem de beginselen van het pianospelen en ik viel van de ene 
verbazing in de andere. Hoe kan het dat hij moeite heeft met lezen, maar niet 
met andere dingen? Aan zijn geheugen lag het zeker niet, want álles wat hij 
speelde op de piano, deed hij direct uit zijn hoofd. En, hoe kan het dat woorden 
lezen lastig was, maar noten niet? Als desondanks een kind de enorme 
wilskracht heeft om tóch te kunnen lezen zoals hij zijn klasgenootjes ziet doen, 
kan er dan niets aan gedaan worden? Zonder dat hij het weet, heeft deze 
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ontmoeting mijn verdere levensloop richting gegeven en de schakels in mijn 
studie- en werkkeuzes bepaald.  
Ik heb geboft met geweldige collega’s bij orthopedagogiek en het 
Expertisecentrum Nederlands (EN). Jullie zijn voor mij meer dan toevallige 
passanten met dezelfde werkgever. Een aantal mensen verdient een extra 
pluimpje: mijn kamergenoten en paranimfen Marieke – jij brengt altijd leven in 
de brouwerij en je hebt een hart van goud, en Linda – voor de gezellige 
momentjes met o.a. Tukey’s Apple Tea (beiden beroepsgedeformeerd?), Karien 
– wat een kei, Tijs, Lex - even over het leven kletsen op de fiets naar huis, 
betrokken buurvrouwen Marijke en Inemiek, Marjolijn – you go girl!, Gerrit-Jan 
en Marlies, Eliane, Nathalie – bedankt voor je hulp, Agnes, Barbara – ik heb het 
thee-ei uit 2003 nog steeds!, Mieke, Lanneke, Anne-Els en a long time ago met 
Keeny– dank voor jullie support en dat wij altijd bij jullie terecht kunnen, 
Marlies, Monique, Thea, Helma en Manon op de derde, jullie ondersteuning is 
goud waard, bij het EN Cindy en Hedwig – als ik jullie toch niet had… Voor 
statistische en data-technische ondersteuning ben ik Jan van Leeuwe †, 
Giovanni ten Brink, Theo van der Weege, Pieter van Groenestijn, William van 
der Veld en Hubert Voogd erkentelijk. Voor assistentie bij de dataverzameling 
(sommige voor scripties) wil ik Jorita Bruining, Marjon van der Looij, Linda van 
den Broek, Marieke de Peuter, Nanine Broekhuizen, Ans Bouten, Marjan 
Feenstra, Christel van Oosterhout – van de Ven en Milou Derksen dank 
betuigen. Voor hun belangenloze medewerking dank ik de vele leerkrachten∗ 
van wie we de les mochten verstoren.  
Al zou je mijn promotie kunnen scharen onder mijn hobby’s, toch moet 
er ook balans zijn tussen je hobby’s. Mede door mijn vrienden had ik ’s avonds 
en in het weekend nog meer leuke dingen om naar uit te kijken: Pieter en 
Tineke, Willem en Friso, WJ en Thessa en de andere Jongers – nemen we nog 
∗ op de basisscholen de Klokkenberg, de Prinsclausschool, de Windroos, de Lindenhoeve en de Luithorst te 
Nijmegen, de Bolster te Wychen, de Piramide te Gennep, de Tovercirkel te Malden, de Carolus te 
Groesbeek, de Opstap en de Schans te Venlo, het Palet te Boxmeer, Nutsschool Hertogin Johanna en de 
Lockaert te Oss, de Bolderik te Hank, de Zaaier te Andel, de Tweemaster en de Rotonde te Gorinchem, het 
Fundament te Genderen, d’Uylenborch te Almkerk en de dr. Hordijkschool te Waalwijk.
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eens een Salad Di Traibuh - what is that? Rick en Esther, beter een goede buur 
dan een vriend die niet van spelletjes houdt. 
Mijn ouders, de grondleggers van mijn leven, hebben me een warm nest 
gegeven. Een van de mooie dingen die ik van jullie heb geleerd is om passies in 
dromen om te zetten en deze na te jagen. Gewoon doen! En om daarbij vooral 
niet te klein te denken. Jeanet, Robert en Daniël – vriendschap tussen broers en 
zussen is sterker dan een vaste burcht. Wat een luxe dat ik naast mijn lieve 
ouders er nog geweldige schoonouders - Rianne en Edwin - én gratis 
‘pleegouders’ – oom Piet en tante Hilly - bij heb gekregen!  
Michaël, jij bent mijn grootste rijkdom en samen met onze lieve 
Annelène heb jij mij de rijkste vrouw gemaakt.  
 
Beste lezer, het zijn er teveel om te tellen. Proost op het Leven! 
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